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SUBREGION  7,  MID  COLUMBIA 


HYDROLOGIC  FRAMEWORK 

The  Mid  Columbia  Subregion  extends  between  the  crests  of  the 
Cascade  Range  on  the  west  and  the  Blue  Mountains  on  the  east,  and 
between  lines  roughly  30  miles  north  of  the  Columbia  River  (Yakima 
River  Basin  Divide)  and  140  miles  south  of  it  (Central  Oregon 
Plateau).  The  crest  of  the  Cascades  in  this  area  is  between  5,000 
and  6,500  feet  above  sea  level  with  a number  of  peaks  several  thou- 
sand feet  higher.  The  crest  of  the  Blue  Mountains  is  generally 
between  4,000  and  4,500  feet.  At  the  other  extreme,  along  the  banks 
of  the  lower  Columbia  River,  elevations  are  only  100-500  feet  above 
sea  level. 

The  western  border  of  this  subregion  is  about  100  miles  from 
the  Pacific  Ocean.  Between  the  subregion  and  the  ocean,  two  mountain 
ranges  - the  Coast  Range  with  a crest  elevation  generally  between 
1,500  and  2,500  feet  and  the  Cascades  mentioned  above  - extend  in 
north-south  parallel  lines  across  both  Washington  and  Oregon: 

Through  these  mountains  the  gorge  cut  by  the  Columbia  River  affords 
a relatively  narrow,  nearly  sea  level  passageway  between  the  inland 
Columbia  Basin  and  the  Pacific  Ocean.  The  subregion  area  is 
29,606  square  miles,  of  which  196  square  miles  are  water  and 
29,440  are  ,land,  altogether  amounting  to  about  11  percent  of  the 
total  area  of  the  region. 

The  general  physiographic  features  of  the  subregion  are 
shown  in  figure  2.  To  a considerable  extent  the  subregion  is  char- 
acterized by  the  moderately  undulating  surface  of  the  Columbia 
Plateau.  In  the  eastern  portion  a structural  monocline  trends 
northwesterly  across  Columbia  River  in  the  vicinity  of  Wallula, 
Washington,  and  rises  above  the  level  of  the  plateau.  Also  rising 
above  the  plateau  level,  the  Blue  Mountains  reveal  exposed  older 
rocks,  including  the  granite  of  the  Blue  Mountain  batholith.  The 
plateau  consists  of  Miocene  Columbia  River  basalt  and  its  mantle 
of  gravel,  ash,  and  rhyolitic  lavas.  Unconformably  overlying  this 
basalt  in  the  Cascades  are  hundreds  of  feet  of  later  lavas,  tuff, 
and  tuff  breccia  which  erupted  through  vents  now  marked  by  a series 
of  volcanic  peaks  along  the  crest  of  the  range.  Mt.  Adams  is  the 
highest  peak,  with  an  elevation  of  12,307  feet. 


Runoff  from  this  subregion  averaged  about  8.1  inches  or 
177,400  cfs  annually  during  the  period  1929-58.  The  maximum  was 
about  1 2/3  times  the  average  and  the  minimum  about  one-half. 


The  two  largest  streams  originating  in  the  subregion  are 
the  Deschutes  River,  draining  the  east  side  of  the  Cascade  Range 
and  the  John  Day  River,  draining  the  Blue  Mountains.  Stream  gradi- 
ents in  the  Deschutes  range  from  about  2 to  9 percent  in  the  upper 
reaches  but  decrease  to  about  1/4  percent  in  the  lower  valley.  In 
the  John  Day,  the  stream  gradients  range  from  about  1 to  3 percent 
in  the  upper  reaches  but  decrease  to  less  than  1/4  percent  in  the 
lower  valley.  The  Deschutes  River  Basin  contributes  about  7 inches 
of  runoff  per  year,  the  John  Day  about  3 1/2  inches. 

Besides  the  two  large  streams,  there  are  six  small  ones 
flowing  into  the  Columbia  River:  the  Walla  Walla,  Umatilla, 

Klickitat,  White  Salmon,  and  Hood  Rivers  and  Willow  Creek.  Their 
stream  gradients  vary  widely,  estimated  at  from  1 to  7 percent  in 
the  upper  reaches  and  from  about  1/5  to  1 percent  in  the  lower 
valleys.  Their  average  annual  runoff  contributions  in  inches  are 
about  as  follows: 

River 


Walla  Walla 
Umatilla 
Klickitat 
White  Salmon 
Hood 

Willow  Creek 


Annual  Runoff 
(inches) 


4 

2 

16 

41 

44 

1 


1/2 

1/2 


1/2 


Glaciers  exist  on  the  upper  slopes  of  Mt.  Adams,  Mt.  Hood, 

Mt.  Jefferson,  and  the  North,  Middle,  and  South  Sisters,  but  cover 
less  than  10  square  miles,  mostly  on  Mt.  Adams.  These  glaciers 
exert  only  minor  influence  on  the  hydrology  because  of  their  small 
extent  and  relative  stability  from  year  to  year.  They  probably 
contribute  less  than  200  cfs  to  stream  discharge  during  the  summer. 

Most  of  the  soils  in  the  subregion  are  fine  and  fertile. 

Those  derived  from  the  basalt  and  sedimentary  rocks  in  the  John  Day 
Basin  are  more  impermeable,  but  those  from  the  alluvium  and  loess 
of  the  eastern  Columbia  streams  are  more  permeable.  The  coarse 
and  porous  soils,  lavas,  and  volcanics  of  the  eastern  Cascade  slopes 
and  Ochoco  Mountains  absorb  and  release  considerable  water  in  the 
Deschutes,  Klickitat,  and  White  Salmon  Basins. 


About  half  of  the  subregion  is  covered  with  forests,  largely 
ponderosa  pine  but  with  Douglas-fir  in  the  higher  Cascades.  There 
are  other  firs,  scrub  pines,  and  many  other  varieties  of  trees. 

About  one-quarter  of  the  subregion  is  cropland,  mostly  in  dryland 
farming,  but  most  is  irrigable.  The  remaining  quarter  of  the  area 
is  semidesert  with  a sparse  cover  of  sagebrush,  grass,  and  junipers. 
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The  cities  of  Walla  Walla,  Washington,  and  Pendleton,  Oregon, 
in  the  northeast  comer  of  the  subregion  are  the  largest,  with  1960 
populations  of  24,536  and  14,434,  respectively. 


CLIMATE 

At  this  latitude  most  large  air  masses  move  from  west  to 
east,  and  in  several  days'  travel  across  the  Pacific  Ocean,  they 
have  acquired  very  definite  marine  characteristics.  They  have 
become  nearly  saturated  and  their  temperatures  are  close  to  that  of 
the  water  over  which  they  have  passed.  In  reaching  the  inland 
Columbia  Basin,  however,  these  air  masses  must  cross  the  two  moun- 
tain ranges . Temperatures  of  the  land  surfaces  respond  much  more 
rapidly  to  changes  in  solar  heating  than  does  the  ocean;  and, 
consequently,  they  are  much  colder  in  winter  and  warmer  in  summer 
than  the  water. 

In  the  colder  months,  incoming  air  from  the  ocean  is  cooled 
both  by  its  contact  with  colder  ground  beneath  and  by  its  forced 
ascent  over  the  mountains,  which  reduces  the  temperature  from  3°  to 
5°F.  for  each  1,000-foot  increase  in  elevation.  In  this  cooling 
process,  large  quantities  of  water  vapor  is  precipitated  as  rain  or 
snow  on  the  middle  or  upper  slopes  of  the  mountain  ranges.  Thus, 
air  reaching  Subregion  7 is  much  drier  than  the  original  marine 
air. 


Precipitation 

This  area  has  a very  definite  winter  rainfall  regime. 
Approximately  55  to  65  percent  of  the  annual  total  occurs  in  the 
5 months,  November  through  March;  and  only  about  8 to  12  percent 
in  the  3 summer  months,  June-August.  Yearly  totals  rise  sharply 
with  increase  in  elevation,  but  are  much  heavier  on  the  upper  slopes 
of  the  Cascades  than  at  similar  elevations  in  the  Blue  Mountains. 
Average  annual  totals  range  from  60-80  inches  on  the  upper  slopes 
of  the  Cascades  to  less  than  9 inches  in  the  Arlington  and  Umatilla 
area,  then  increase  to  near  35-40  inches  at  the  crest  of  the  Blue 
Mountains.  Only  on  the  higher  slopes  of  the  Cascades  and  the  Blue 
Mountains  does  a large  part  of  this  precipitation  occur  as  snow. 

On  the  upper  Cascades  snowfall  is  estimated  to  be  as  much  as  250- 
350  inches  a year  and  on  the  higher  slopes  of  the  Blue  Mountains 
from  100  to  150  inches  annually.  In  contrast,  in  the  lowest  eleva- 


tion areas  the  totals  average  between  12  and  20  inches  annually. 
Table  239  and  figure  425  show  precipitation  data  and  location  of 
precipitation  stations. 


Figure  425  is  an  isohyetal  map  prepared  by  the  Weather 
Bureau  River  Forecast  Center,  Portland,  Oregon,  using  climatological 
data  (1930-57)  and  information  derived  from  correlations  with  physio- 
graphic factors. 


Tabu  239  - Avcrag*  Monthly  and  Annual  Precipitation  (inches),  Mid-Colunbia  Subregion,  1931-60 


Eleva- 

Station  tlon  Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec.  Annual 


Goldmdnl* 

1,600 

2.93 

2.03 

1.70 

.•s 

.79 

.91 

.15 

.21 

.62 

1.64 

2.53 

3.05 

17.41 

Arlington 

350 

1.44 

1.01 

.94 

.49 

.50 

.65 

.14 

.16 

.33 

.85 

1.24 

1.33 

9.04 

Pondloton  WAP 

1,492 

1.42 

1.19 

1.20 

1.09 

1.12 

1.17 

.22 

.28 

.63 

1.18 

1.40 

1.49 

12.38 

Hoppnor 

1 ,950 

1.29 

1.13 

1.29 

1.27 

1.34 

1.40 

.32 

.38 

.73 

1.29 

1.44 

1.38 

13.25 

UklST 

3,216 

1.91 

1.76 

1.72 

1.S2 

1.99 

1.99 

.44 

.S2 

.93 

1.50 

1.79 

2.20 

18.17 

Dnyvillo  1/ 

2,304 

1.22 

1.10 

1.00 

1.06 

1.39 

1.20 

.42 

.46 

.60 

.83 

1.12 

1.29 

11.68 

Ochoco  AS  1,' 

3,979 

2.20 

1.94 

1.04 

1.29 

1.94 

1.78 

.61 

.60 

.79 

1.73 

2.27 

2.65 

19.30 

bond 

3,599 

1.92 

1.14 

.10 

.6S 

1.12 

1.16 

.45 

.45 

.42 

.90 

1.40 

1.73 

12.04 

Mndrus 

2,244 

1.13 

.93 

.77 

.60 

1.09 

.96 

.27 

.25 

.51 

.78 

1.14 

1.09 

9.41 

Friond  1 • 

2,430 

2.91 

2.11 

1.54 

.76 

1.06 

.99 

.21 

.17 

.60 

1.41 

2.39 

2.73 

16.88 

Tho  Dollos 

102 

2.55 

1.90 

1.37 

.S3 

.62 

.66 

.08 

.16 

.47 

1.17 

2.02 

2.36 

13.79 

Moro 

1,909 

1.79 

1.25 

1.01 

.76 

.94 

.88 

.17 

.17 

.SO 

1.11 

1.62 

1.64 

11.81 

77  Period  it  lonfer  or  shorter  than  die  io-year  normal . 


Temperature 

Very  cold  pools  of  Arctic  air  form  in  winter  over  northern 
and  central  Canada.  For  the  roost  part  these  are  blocked  out  of  the 
Columbia  Basin  by  the  Rocky  Mountains.  Occasionally,  however,  an 
Arctic  air  mass  will  break  across  the  mountains  and  spread  out  over 
the  Columbia  Basin  causing  the  more  extreme  winter  conditions. 
During  these  periods,  temperatures  as  low  as  -25°F.  below  zero  may 
be  experienced.  A minimum  as  low  as  -54°F.  has  occurred  at  Ukiah, 
Oregon . 


In  summer,  as  the  ground  heats  more  rapidly,  the  temperature 
of  the  incoming  air  increases  as  it  moves  eastward.  Also  in  this 
season  a high  pressure  cell  may  occasionally  build  up  in  central 
Canada  as  well  as  over  the  northern  and  central  Columbia  Basin. 

This  large  land  mass,  exposed  to  long  cloudless  days,  becomes  very 
warm  creating  a hot,  dry  air  mass  above  it.  At  these  times  tempera- 
tures may  go  well  over  100°F.  throughout  the  Columbia  Basin.  A 
record  high  of  119°F.  has  been  recorded  at  Pendleton,  Oregon.  The 
number  of  days  with  temperatures  of  90#F.  or  higher  varies  from 
25  days  at  higher  elevations  to  40  days  at  lower  locations;  the 
number  with  temperatures  of  32*F.  or  less  range  from  65  to  nearly 
300  days.  Table  240  and  figure  425  show  temperature  data  and 
location  of  weather  stations. 
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The  longest  growing  season  is  218  days  at  Walla  Walla, 
Washington.  Moving  south  from  the  Columbia  River  or  up  into  the 
mountains,  the  season  becomes  shorter;  at  Madras,  Oregon,  it  is 
only  51  days.  The  average  date  of  the  last  freeze  in  the  spring 
is  March  28  at  Walla  Walla,  and  June  17  at  Madras.  The  average 
date  of  the  first  freeze  in  the  fall  is  November  1 at  Walla  Walla 
and  August  7 at  Madras. 


Wind 


The  Columbia  Gorge  has  a very  definite  daily  and  seasonal 
diurnal  effect  on  the  subregion's  winds.  In  the  warmer  months, 
during  the  late  morning,  afternoon,  and  early  evening,  the  inland 
masses  heat  much  more  rapidly  than  the  ocean  and  the  overlaying 
air  is  in  turn  heated  and  rises.  The  cooler  air  from  the  Pacific 
Ocean  moves  up  the  Gorge  to  replace  it.  At  night,  however,  when 
the  land  is  cooling  rapidly,  the  cycle  to  a degree  is  reversed. 

In  winter  the  land  masses  remain  much  colder  than  the  ocean  and 
the  overlaying  air  is  similarly  colder  and  heavier.  As  a result, 
it  tends  to  gravitate  to  the  lowest  points,  which  are  the  river 
levels,  and  then  downstream  toward  even  lower  levels  to  the  west. 
Major  storms  moving  in  from  the  west  are,  of  course,  of  much 
greater  strength  than  these  local  thermal  circulations  within  the 
Gorge.  At  those  times  all  wind  directions  are  dominated  by  the 
circulatory  patterns  around  the  storm  centers.  Usually  high  winds 
moving  up  the  Columbia  River  are  even  further  accelerated  when  they 
escape  the  confines  of  the  Gorge.  In  a study  by  the  Bonneville 
Power  Administration,  sustained  winds  (those  lasting  a minute  or 
longer)  of  50  miles  per  hour  could  be  expected  at  least  once  every 
other  year,  those  of  60-70  mph  once  in  10  years,  and  those  of  80- 
100  mph  once  every  50  years . 


Evaporation 

Annual  evaporation  averages,  from  Class  A pans,  for  the 
plateau  area  are  between  40  and  55  inches.  This  includes:  April, 

4-5  inches;  May,  6-7  inches;  June,  7-9  inches;  July,  9-11  inches; 
August,  8-10  inches;  September,  4-6  inches;  October,  2-3  inches. 
Annual  evaporation  losses  from  lakes  and  reservoirs  are  estimated 
at  30  to  45  inches. 
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Table  240.  Average  and  extreme  temperatures  (°F) , Mid-Columbia  Subregion 


St  at  ion 

Data 

Jan. 

Feb. 

Mar. 

Apr. 

Mar 

June 

July 

Aug. 

Sept . 

Oct. 

Nov. 

Oec. 

Annual 

Goldendale 

Av.  Max. 

36.0 

42.7 

52.5 

61.6 

69.4 

75.9 

85.0 

83.4 

75.1 

63.2 

47.5 

38.7 

60.9 

(50) 

Av.  Min. 

22.1 

26.4 

30.5 

34.4 

39.7 

45.6 

50.0 

48.4 

42.8 

36.2 

29.9 

25.9 

36.0 

Mean 

29.4 

34.6 

41.1 

48.0 

54.7 

60.2 

66.9 

65.1 

59.4 

49.7 

38.5 

33.2 

48.4 

Highest 

61 

69 

80 

91 

96 

101 

109 

105 

101 

88 

70 

60 

109 

Lowest 

-29 

-28 

-3 

19 

20 

30 

33 

32 

19 

14 

-9 

-29 

-29 

Meppner 

Av.  Max. 

40.4 

44.9 

53.3 

60.9 

68.2 

75.1 

84.6 

83.3 

74.4 

63.7 

51.3 

42.9 

61.9 

(68) 

Av.  Min. 

24.4 

28.0 

32.4 

36.3 

41.6 

47.2 

52.3 

SI. 4 

4S.4 

38.5 

32.2 

27.5 

38.1 

Mean 

32.3 

36.7 

42.7 

48.8 

55.2 

61.0 

68. 1 

66.6 

60.7 

51.6 

40.9 

36.1 

50.1 

Highest 

70 

72 

78 

92 

100 

101 

108 

no 

99 

89 

80 

75 

no 

Lowest 

-19 

-21 

-6 

9 

21 

33 

36 

35 

19 

10 

• 8 

-18 

-21 

Dayville  1/ 

Av.  Max. 

42.7 

48.4 

55.5 

64.3 

70.7 

78.4 

88.8 

86.7 

78.0 

66.7 

53.0 

44.5 

64.8 

(61) 

Av.  Min. 

24.3 

27.7 

30.2 

34.3 

39.8 

45.8 

49.7 

47.6 

41.0 

34.7 

29.7 

26.2 

35.9 

Mean 

33.5 

38.0 

42.8 

49.5 

55.3 

62.1 

69.3 

67.2 

59.5 

50.7 

41.4 

35.3 

50.4 

Highest 

68 

73 

91 

95 

98 

110 

111 

105 

103 

98 

80 

81 

111 

Lowest 

-52 

-22 

-2 

16 

16 

29 

34 

29 

16 

14 

-11 

-33 

-33 

Ochoco  RS  1/ 

Av.  Max. 

34.2 

39.8 

46.4 

56.1 

64.5 

70.7 

82.1 

80.6 

75.1 

60.8 

44.6 

37.5 

S7.7 

(21) 

Av.  Min. 

14.2 

19.2 

22.2 

27.1 

32.6 

36.7 

40.8 

38.8 

35.2 

30.4 

24.1 

19.9 

28.4 

Mean 

24.3 

29.5 

34.4 

41.6 

48.6 

53.8 

61.4 

59.7 

55.2 

45.5 

34.4 

28.7 

43.1 

Highest 

62 

61 

73 

82 

90 

96 

101 

96 

100 

89 

65 

68 

101 

Lowest 

-27 

-16 

-8 

10 

13 

22 

22 

21 

17 

14 

-11 

-12 

-27 

Bend 

Av.  Max. 

40.4 

44.9 

50.9 

59.2 

66.4 

73.4 

83.6 

82.3 

73.7 

64.1 

50.6 

42.2 

61.0 

(57) 

Av.  Min. 

20.3 

23.6 

26.1 

29.8 

35. 0 

40.4 

44.9 

43.5 

37.7 

32.0 

27.1 

22.9 

31.9 

Mean 

30.2 

33.9 

38.3 

44.6 

50.7 

56.4 

63.7 

62.2 

56.3 

47.8 

38. S 

33.3 

46.3 

Highest 

66 

76 

83 

90 

93 

100 

104 

100 

98 

91 

77 

69 

104 

Lowest 

-26 

-26 

-13 

8 

11 

22 

27 

25 

12 

10 

-14 

-25 

-26 

Friend  1 It  1/ 

Av.  Max. 

35.6 

42.3 

48.2 

57.6 

64.8 

71.0 

82.7 

81.0 

74.9 

60.7 

45.2 

39.1 

58.6 

(16) 

Av.  Min. 

18.8 

23.8 

26.5 

31.0 

35.9 

39.9 

4S.0 

44.1 

40.8 

34.1 

27.0 

23.8 

32.6 

Mean 

27.2 

53.1 

37.4 

44.1 

50.4 

55.5 

63.9 

62.6 

57.9 

47.4 

36.1 

31. S 

45.6 

Highest 

57 

62 

73 

83 

89 

95 

104 

102 

95 

87 

65 

62 

104 

Lowest 

-22 

-11 

-1 

16 

21 

26 

28 

30 

22 

IS 

-9 

3 

-22 

The  Dalles 

Av.  Max. 

39.4 

46.8 

56.8 

66.2 

73.4 

79.5 

87.0 

86.0 

77.9 

66.0 

50.9 

42.5 

64.4 

(84) 

Av.  Min. 

27.5 

30.1 

35.8 

41.3 

47.7 

53.9 

58.4 

57.1 

49.8 

41.8 

34.4 

30.5 

42.4 

Mean 

33.9 

39.0 

46.4 

54.2 

61.5 

67.4 

73.7 

72.3 

66.0 

55.2 

42.9 

38.0 

54.2 

Highest 

65 

72 

82 

95 

101 

105 

115 

no 

107 

93 

77 

74 

11S 

Lowest 

-25 

-21 

-1 

25 

30 

32 

39 

41 

25 

20 

-2 

-30 

-30 

\J  Period  is  longer  or  shorter  than  the  30-year  normal. 

Note:  The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record  through  1960. 

Numbers  under  station  names  denote  full  years  of  record  for  all  data. 


Potential  evapotranspiration  is  from  20-25  inches  annually 
in  the  cooler  parts  of  the  area  and  25-30  inches  in  the  warmer 
portions.  Actual  evapotranspiration  is  used  to  indicate  the  com- 
puted amount  of  water  lost  under  existing  conditions  of  temperature 
and  moisture.  The  low  rainfall  is  the  principal  limiting  factor  in 
the  amount  of  actual  evapotranspiration  that  can  take  place.  In 
soils  of  a 2-inch  holding  capacity  the  annual  average  evapotranspira- 
tion is  between  8 and  10  inches  in  most  areas.  It  is  between  10  and 
12  inches  for  soils  with  6-inch  holding  capacity.  For  both  soils  it 
is  1 to  2 inches  more  in  higher  elevations  where  rainfall  is  greater. 


Storms 


The  widespread  winter  storms  of  the  coastal  areas  also  pass 
over  this  subregion  but  generally  do  little  damage.  However, 
localized  thunderstorms  in  the  late  spring  and  summer  occur  often 
and  occasionally  cause  heavy  damage.  The  flood  resulting  from  the 
storm  of  June  4,  1903,  on  Willow  Creek  near  Heppner,  Oregon, 
resulted  in  the  loss  of  247  human  lives.  A more  recent  flood 
occurred  in  Central  Oregon  near  Mitchell  on  July  13,  1956.  Hail 
or  sleet  storms  are  common  and  cause  some  damage. 


Humidity 

Relative  humidity  in  the  early  morning  hours,  when  the  air 
temperatures  are  reaching  their  lowest  point,  frequently  ranges 
between  90  percent  and  100  percent , even  in  the  summer  months . 

These  values  are  common  almost  any  time  of  the  day  in  the  late  fall 
and  winter.  In  contrast,  during  the  warmest  part  of  the  day  in 
summer  it  is  not  unusual  to  have  values  between  10  and  20  percent , 
occasionally  even  lower. 


Sunshine 


Only  a limited  amount  of  information  is  available  in  this 
subregion  with  regard  to  cloudiness.  There  appears  to  be  100  to 
120  clear,  80  to  90  partly  cloudy,  and  165  to  185  cloudy  days  a 
year.  Actual  sunshine  records  have  never  been  made  at  any  point 
in  the  subregion;  but  in  a study  in  which  records  of  cloudiness  in 
the  area  and  of  sunshine  at  surrounding  points  were  analyzed,  it 
is  estimated  that  the  sun  shines  about  20-30  percent  of  the  time 
possible  in  December  and  January;  increasing  to  55-65  percent  in 
April,  May,  and  June;  nearing  75-85  percent  in  July,  August,  and 
early  September;  then  gradually  decreasing  again  to  the  winter 
average.  Fog  occasionally  occurs  in  sheltered  areas  during  the 
winter. 
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SURFACE  WATER 


The  streams  of  the  Mid  Columbia  Subregion  are  variable  in 
flow  and  use,  but  the  quality  of  water  is  generally  good.  The 
runoff  is  mostly  from  snowmelt  in  the  spring  and  is  highly  regulated 
by  upstream  reservoirs  in  the  Snake  and  Columbia  River  Basins,  and 
by  reservoirs  in  the  Deschutes  River  Basin.  The  natural  flow  of  the 
Deschutes  River  is  extremely  constant.  Flows  of  the  Deschutes, 
Metolius,  and  Crooked  Rivers  are  very  well  sustained  by  ground  water, 
although  some  500  square  miles  of  the  Crooked  River  is  considered  to 
be  noncontributing  semidesert.  Although  the  Walla  Walla  and  Umatilla 
Rivers  are  largely  fed  by  snowmelt  from  the  Blue  Mountains,  both 
watersheds  are  subject  to  intense  rain  storms  during  winter  on  the 
western  slopes. 

Flood  control  storage  is  comprised  of  500,000  acre-feet  in 
John  Day  Reservoir  for  regulation  of  Columbia  River  floods,  8,200 
acre-feet  in  Mill  Creek  Reservoir  in  the  Walla  Walla  River  Basin, 
and  a variable  amount  in  Prineville  and  Ochoco  Reservoirs  on  the 
Crooked  River. 

Water  is  used  for  power  generation  on  the  Columbia  River  at 
Bonneville,  The  Dalles,  John  Day,  and  McNary  Dams;  and  on  the 
Deschutes  River  at  Pelton  and  Round  Butte  Dams. 

Most  of  the  irrigation  development  that  has  taken  place  is 
concentrated  in  the  Deschutes  River  Basin.  Second  to  the  Deschutes 
in  irrigation  development  is  the  Umatilla  River  Basin. 

The  Columbia  River  is  intensively  used  for  navigation, 
fisheries  and  recreation.  Navigation  is  mostly  by  large  barges 
and  extends  beyond  the  subregion  to  Pasco,  Washington,  and  Lewiston, 
Idaho. 


Average  discharge  from  the  subregion  totals  about  177,400  cfs 
(128.4  million  acre-feet  annually).  About  163,500  cfs  of  this  flows 
into  the  subregion  in  the  Columbia  River;  2,300  cfs  is  lost  through 
evaporation,  bank  storage,  etc.;  and  16,200  cfs  (11.7  million  acre- 
feet  annually)  originates  within  the  subregion.  The  originating 
flow  averages  0.55  cfs  per  square  mile. 


Present  Utilization 


About  18.1  percent  of  the  originating  discharge  was  with- 
drawn in  1965  for  consumptive  uses,  but  only  about  6.1  percent  was 
actually  consumed.  About  3 percent  of  the  water  withdrawn  for 
consumptive  uses  (about  2,940  cfs)  was  for  municipal  supplies  (56  cfs 
domestic  and  31  cfs  industrial);  the  largest  user  was  irrigation 
(2,580  cfs),  and  it  was  the  major  consumer  (935  cfs  of  the  total  of 
985  cfs  consumed).  Self-supplied  industry  was  the  second  largest 
user,  258  cfs.  Very  little  flow  was  used  either  for  steam  power 
generation  or  for  thermal  power  cooling.  However,  a vast  quantity 
of  water  was  used  for  hydroelectric  power  generation.  Recreation 
is  a popular  and  recognized  purpose  for  most  of  the  reservoirs. 

All  waters  are  used  to  some  degree  for  fish  and  wildlife.  Pollution 
exists  in  the  lower  reaches  of  some  streams  and  causes  problems  in 
populated  areas  tributary  to  the  Walla  Walla  River,  Umatilla  River 
below  Pendleton,  and  Willow  Creek  near  Heppner. 


Stream  Management 

Competition  for  water  among  the  various  users  necessitates 
efficient  management.  Storage  and  release,  diversions,  conservation, 
legal  constraints,  etc.,  all  are  a part  of  the  water  management 
system. 


Impoundments  Reservoirs  having  a total  storage  capacity  of 
5,000  acre-feet  or  more  are  listed  in  table  241.  Lake  Umatilla 
on  the  Columbia  River  is  the  largest  impoundment.  Next  in  order  of 
size  are  Lake  Wallula,  Round  Butte,  Bonneville,  and  Lake  Celilo. 
There  are  17  reservoirs,  five  of  which  are  multiple-purpose  to  the 
extent  that  they  were  designed  to  serve  three  or  more  purposes. 

The  flood  control  space  in  Lake  Umatilla  (John  Day  Reservoir) 
may  be  filled  and  emptied  more  than  once  during  the  spring  flood  in 
smoothing  the  fluctuations  of  the  Columbia  River.  On  the  other  hand, 
the  space  in  Mill  Creek  Reservoir  is  filled  only  during  exceptional 
winter  or  early  spring  floods  and  is  evacuated  as  soon  as  conditions 
permit. 
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Table  241  - Reservoirs  Having  a Total  Capacity  of  S,000  Acre-Feet  or  More, 

Subregion  7 


! 


Name 

Stream 

Total 

Storage 

(acre-feet) 

Active 
Storage 
(acre- feet) 

Surface 

Area 

(acres) 

Purpose!/ 

Bonneville 

Columbia  R. 

537,000 

87.J00 

20,400 

NPR 

Clear  Lake 

Clear  Lk. 

13,100 

11,900 

555 

IR 

Cold  Springs 

Umatilla  R. 

45,0001-' 

45, 0001' 

1,550 

IR 

Crane  Prairie 

Deschutes  R. 

5S.340 

55,300 

4,900 

IR 

Crescent  Lake 

Crescent  Cr. 

117,200 

86,050 

- 

IR 

Haystack 

Haystack  Cr. 

5,650 

5,630 

225 

I 

Lake  Umatilla 

Columbia  R. 

2,530,000 

530,000 

51,000 

FNPR 

Lake  Celilo 

Columbia  R. 

330,000 

53,000 

11,650 

INPR 

Lake  Wallula 

Columbia  R. 

1,370,000 

200,000 

38,800 

INPR 

McKay 

McKay  Cr. 

73,830 

73,820 

1,280 

IR 

Mill  Creek 

Mill  Cr. 

8,300 

7,300 

225 

F 

Ochoco 

Ochoco  Cr. 

48,000 

46,500 

1,000 

IR 

Lake  Simtustus 

Deschutes  R. 

36,000 

3,800 

- 

P 

Prinevi 1 le 

Crooked  R. 

154,700 

152,800 

3,000 

FIR 

Lake  Billy  Chinook 

Deschutes  R. 

534,700 

273,900 

4,000 

P 

Wickiup 

Deschutes  R. 

182,100 

182,100 

10,600 

IR 

1/  I-irrigation,  F-flood  control,  N-navigation,  P-power,  R-recreat ion. 
2/  Reduced  about  5,000  acre- feet  by  sedimentation. 


The  impoundments  have  variable  short-term  effects  on  river 
discharge.  The  changes  in  discharge  due  to  power  loads  are  abrupt 
and,  on  weekends  when  less  power  is  required,  flows  may  be  low. 
Municipal  water  is  supplied  during  the  summer,  principally  to 
satisfy  lawn-watering  and  air-conditioning  needs.  Irrigation  water 
is  supplied  at  a fairly  constant  rate  from  April  through  September. 
On  the  other  hand,  recreation  use  requires  that  the  water  be 
retained  in  the  reservoirs  as  long  as  possible  during  the  summer. 


Diversions  Most  of  the  diversions  in  the  Mid  Columbia 
Subregion  are  for  irrigation.  The  greater  part  of  these  are  in  the 
Deschutes  River  Basin,  but  large  diversions  also  occur  in  the  Walla 
Walla  and  Umatilla  River  Basins. 

Any  plans  to  use  water  in  the  upper  Crooked  or  Deschutes 
River  Basins  must  consider  that  a very  large  part  of  the  water 
supply  has  been  committed  to  downstream  irrigation. 


Channel  Modification  Channel  modification  and  revetment 
construction  have  been  accomplished  in  the  Mill  Creek,  Walla  Walla, 
and  Umatilla  River  channels  and  more  is  planned  for  the  John  Day 
and  Deschutes  Rivers  and  Willow  Creek.  Over  150  miles  of  other 
stream  improvement  work  was  completed  on  smaller  tributaries  within 
the  subregion  during  1965,  1966,  and  1967. 


i 
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Forecasting  Forecasting  is  used  in  flood  control  operations 
of  reservoirs,  flood  warning,  and  to  provide  a maximum  of  stored 
water  for  power  generation,  municipal  use,  and  irrigation.  The 
Weather  Bureau  is  officially  responsible  for  providing  a flood- 
warning  service  to  the  general  public  at  times  of  major  flooding. 

Forecasts  of  seasonal  quantities  of  water  available  for 
storage  are  made  using  snow-survey  data,  precipitation  data,  data 
on  antecedent  conditions,  and  other  parameters.  The  information 
is  processed  by  digital  computer  and  updated  each  month  as  new 
data  are  obtained. 


Constraints  There  are  several  compacts  and  treaties  that 
are  concerned  with  runoff  in  the  Columbia  River  and  tributaries. 
These  are  discussed  in  the  Regional  Summary  along  with  general 
constraints . 


Water  Rights 

In  the  segment  of  the  Mid  Columbia  Subregion  lying  within 
the  State  of  Washington,  essentially  Water  Resource  Inventory 
Areas  29-32  (figure  426),  a total  of  616  active  surface-water  right 
appropriation  records,  in  permit  and  certificate  stages,  were  on 
file  with  the  Department  of  Water  Resources  as  of  April  30,  1967. 
Prime  rights  in  this  group  allow  summer  period  diversions  totaling 
1,105.14  cfs  of  which  430.65  cfs  is  used  consumptively,  635.98  cfs 
is  partially  consumptive  to  the  resource,  and  38.50  cfs  is  used 
nonconsumptive ly.  Appropriative  supplemental  rights  have  been 
granted  for  a total  diversion  rate  of  60.74  cfs  in  this  area. 

In  addition,  a total  of  3,683  adjudicated  rights,  mostly  in 
Water  Resource  Inventory  Area  32,  allows  prime  right  diversions 
totaling  1,883.95  cfs,  of  which  consumptive  diversions  account  for 
1,467.45  cfs,  partially  consumptive  diversions  are  allowed  for 
415.80  cfs  and  nonconsumptive  diversions  are  permitted  for  0.70  cfs. 
Adjudicated  supplemental  rights  have  been  issued  for  a total 
diversion  rate  of  103.13  cfs. 

Reservoir  storage  rights  on  record  for  the  Washington  part 
of  this  subregion  allow  a total  of  6,223  acre-feet  to  be  retained 
annually. 

Prime  water-right  quantities  for  the  more  important  use 
categories,  and  total  actual  surface-water  right  quantities  are 
listed  in  table  242  according  to  Water  Resource  Inventory  Areas 
as  defined  by  the  State  of  Washington,  Department  of  Water  Resources 
(Regional  Summary).  More  detailed  information  about  specific  rights 
can  be  obtained  from  the  Department  of  Water  Resources. 


T 
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Table  242  - Surface  Water  Rights,  Wash mgton  Portion  of  the  Mid-Coluabia  Subregion,  1967 


Individual  Industrial 


•at in  and  (ewinity  and  Fish  Reservoir 

Wo ■j''  River  lUtm  Municipal  Irrigation  Do— Stic  Co— ercial  Propagation  Stock Totalj/  Storage  Wight* 


■HUS 

Feet  per 

Second) 

(Acre-Feet ) 

Aprroonatlve  Mights 
.'4  Wind  White  Saloon 
V)  Klickitat 

31  Rock-Glad*  Creek 

32  Walla  Walla 

4.20 

2.00 

20  00 

26.03 
ISS.S4 
12S.72 
79. 16 

17.65 
11.04 
0.12 
ft.  16 

1.87 

0.53 

0.S0 

6.91 

280.29 

304.00 

34.57 

5.58 

1.24 

0.30 

1.89 

.367.891 

462.94 
129.36 

144.95 

36 

24 

6163 

Appropr tat ive  Totals 

26.20 

389 . 75 

36.97 

9.81 

618.86 

8.74 

1105.14 

6223 

Ad ludteated  Rights 

VT  kTTckltlt  — 

32  walla  Walla 

23.  IS 

79 .29 
1363.51 

09.  lol'' 
1340.  17 

4.17 

- 

69. )0i/ 
340. 10 

79'2Ss/ 

1804.67"/ 

Adjudicated  Totals 

23.15 

1442. 79 

1409.27 

4.17 

- 

409.20 

1883.95 

( oobined  Totals 
lApprop.  i Adjud . Rights) 

49.35 

1832.54 

1446.24 

13.98 

618.86 

417.94 

2989 . 09 

6223 

1/  Water  Resource  Inventory  Area  ntaeher  at  shown  in  figure  426. 

7/  Total  pnwe  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (I)  only  the  wore  iaportant  use  categories  are 
“ listed,  and  ( J ) water  right  quantities  that  are  cowaon  to  two  or  sore  uses  are  listed  under  each  applicable  use  category. 
3/  Includes  41.41  cfs  for  hydroelectric  power  generation. 

?/  (Quantity  is  coaaon  with  irrigation  use. 

?/  Includes  40ft  SO  cfs  for  hydroelectric  power  generation. 


Discharge 

The  base  period  selected  for  the  Columbia-North  Pacific 
Region  study  is  the  30-year  interval  1929-58.  A typical  Subregion 
7 stream,  John  Day  River  at  McDonald  Ferry,  Oregon,  shows  a base- 
period  mean  discharge  equal  to  96  percent  of  its  long-term  mean 
(60  years,  1906-1965).  Weather  records  show  that  precipitation  in 
Walla  Walla,  Washington,  during  the  base  period  was  94  percent  of 
the  long-term  mean  (91  years,  1875-1965).  Thus,  the  selected  base 
period  provides  reasonably  average  data  for  statistical  analysis. 

Table  243  summarizes  pertinent  streamflow  data  for  the  18 
sites  selected  for  detailed  study.  Figure  428  shows  the  locations 
of  the  selected  sites  with  Geological  Survey  identification  numbers. 
The  first  two  digits  of  the  identification  number,  pait  number  (14), 
have  been  omitted  because  Subregion  7 lies  almost  entirely  within 
the  area  designated  as  Part  14,  Pacific  slope  basins  in  Oregon  and 
lower  Columbia  River  Basin.  The  small  portion  in  Washington  lies 
within  the  area  designated  as  Part  12,  Pacific  slope  basins  in 
Washington  and  upper  Columbia  River  Basin. 

Figure  427  presents  monthly  discharge  data  for  the  subregion 
as  a whole.  The  discharge  is  the  sum  of  flows  generated  within  the 
subregion  and  the  inflow  to  the  subregion  by  the  Columbia  River, 
less  losses  such  as  evaporation,  bank  storage,  etc.  The  discharge 
increases  to  an  intermediate  peak  in  February,  mostly  due  to  rain- 
fall, and  reaches  its  yearly  peak  in  May  and  June,  mostly  due  to 
snowmelt.  The  within-area  generated  flows  are  also  shown  in 
table  244.  Isopleths  showing  mean  annual  runoff  for  the  period 
1931-60  are  shown  on  figure  428. 
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Table  243.  Streamflow  Suaurv  for  Selected  Sltea 
Subregion  7 


Stream 

Stat Ion 

Stat ion 
Number 

Gage 

Datua 

Drainage 

Area 

(.Sq-  Ml.) 

Period 

of 

Record 

Annual  Flow 



l / 

Min. 

Moamntary  Flow  2/ 
iiiii 

Walla  Walla  River 

Milton 

None 



160 

_ . 

222 

331 

136 

Walla  Walla  River 

Touche t 

185 

405 

2,657 

1951-65 

555 

897 

237 

31,400 

2 

Umatilla  River 

Pendleton 

210 

1067.01 

637 

1934-65  3/ 

489 

798 

286 

15,500 

10 

Umatilla  River 

Umatilla 

335 

330.47 

2,290 

1901-65 

420 

913 

158 

19,800 

0 

Willow  Creek 

Heppner 

34  5 

1952.73 

87 

1951-65 

17 

42 

3 

812 

4/  0 

John  Dav  River 

Picture  Gorge 

405 

2231.84 

1 .680 

1926-65 

458 

821 

124 

8,170 

1 

N. F.  lohn  Dav  River 

Monument 

460 

1959.64 

2.520 

1925-65 

1,217 

2,216 

484 

33.400 

6 

John  Dav  River 

Service  Creek 

465 

1632.42 

5,090 

1929-65  3/ 

1 .831 

3,466 

64  3 

40.200 

20 

John  Dav  River 

McDonald  Ferry 

480 

392.27 

7.580 

1904-65 

1,925 

3.669 

630 

42,800 

4 

Deachutea  River 

l.ava  I a land 

660 

3825 

1,829 

1926-65 

1,208 

1,789 

831 

3,360 

390 

Deachutea  River 

Bend 

705 

3503.96 

1 .899 

1914-65 

4 76 

718 

302 

2.820 

1 

Crooked  River 

Culver 

875 

1953.60 

4,300 

1917-65 

1,599 

2,066 

1,230 

8,260 

920 

Deschutea  River 

Moodv 

1030 

167.54 

10,500 

1897-65  3/ 

5,186 

7,340 

3,940 

75,500 

2,400 

Columbia  River 

The  Dal  lea 

1057 

m.s.l. 

237,000 

1878-65 

171,332 

238,583 

127,495 

1,240,000 

35,000 

Klickitat  River 

Pitt 

1130 

288.9 

1.297 

1928-65  3/ 

1,565 

2,809 

826 

31.000 

445 

Hood  River 

Hood  River  3/ 

1210 

106. 37 

329 

1913-64 

1,072 

1,684 

582 

34.000 

165 

White  Salaion 

Underwood 

1235 

112.96 

386 

1935-65  3/ 

1,176 

1.755 

659 

9,700 

158 

Columbia  River 

Bonneville  Dam 

1060 

n.a.l. 

240,000 

1938-65 

177,400 

247,346 

131,353 

1,240,000 

35.000 

Regulated  value*  for  baae  period  ^1929-58)  with  estimated  1970  conditions  of  development . 
2/  Maximum  and  minimum  observed  Instantaneous  values  for  period  of  record. 

3/  Denotes  other  short  periods  of  record  prior  to  dates  shown. 

4/  Willow  Creek  flow  estimated  to  have  been  36,000  cfs  14  June  1903. 

5/  Hood  River  flows  Include  flow  In  PP4L  conduit. 


Average  Discharge  for  Selected  Stations  In  this  section  of 
the  report,  detailed  data  are  presented  for  each  of  the  selected 
sites  listed  in  table  243. 

The  basic  monthly  discharges  for  all  stations  are  available 
in  Geological  Survey  Water-Supply  Papers  1316  and  1736  for  Washington 
streams  and  1318  and  1738  for  Oregon  streams,  compilations,  respec- 
tively, of  surface-water  records  in  Parts  12  and  14.  However,  flows 
for  many  stations  were  adjusted  for  irrigation  depletions  or  storage 
regulation,  and  five  stations  required  extension  of  records  by 
correlation  with  nearby  stations.  Since  most  of  the  stations 
required  some  modification  of  recorded  flows,  the  values  shown  in 
tables  245  to  262  have  been  termed  modified  mean  discharge,  even 
though  some  are  observed  or  equivalent  discharges.  Hydrographs 
for  several  conditions  of  flow  at  the  selected  sites  are  shown  on 
figures  429  to  446.  The  high,  sustained  flow  is  notable  for  the 
streams  draining  the  eastern  slopes  of  the  Cascade  Range.  Explana- 
tions of  these  and  the  succeeding  graphs  are  in  the  Regional  Summary. 

It  should  be  pointed  out  that  the  supply  of  water  indicated 
by  the  monthly  discharge  hydrographs  is  not  necessarily  available 
for  development,  even  though  it  already  reflects  depletions  and 
storage  regulation.  For  example,  about  60  percent  of  the  flow 
shown  on  figure  438,  Deschutes  River  below  Lava  Island  near  Bend, 
Oregon,  has  already  been  committed  to  irrigation  use.  This  is 
indicated  by  the  greatly  reduced  flow  at  the  downstream  station 
Deschutes  River  below  Bend,  Oregon,  figure  439. 
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Figure  427  Monthly  discharge,  Mid-Columbia  Subregion 


COLUMBIA-  NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUDY 

MEAN  ANNUAL  RUNOFF 
IN  INCHES 

MID  COLUMBIA  SUBREGION  7 


FIGURE  428 
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Table  244  Discharge  in  Mid  Columbia  Subregion,  1929-S8 
(Mean  discharge  in  cfs) 


Oct. 

Mov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Jun . 

Jui . 

Aug. 

Mean 

Max i mum 

Total 

14 1060 

164420 

235755 

243980 

356500 

345815  326888 

413280 

459820 

290225 

19687S 

149800 

277201 

Inflow 

110752 

147016 

196995 

208494 

321233 

319443 

321339 

390541 

424349 

280763 

188176 

1 39826 

255742 

Uh  i dent  i f i ed 

-1782 

-4506 

0 

- 1 364 

-4275 

-8378 

-57861 

-15531 

I 

-8338 

-490J 

-2796 

-7461 

Subregion 

14110 

21710 

38760 

36850 

39540 

34750 

43410 

38270 

35470 

1 78(H) 

1 3600 

12770 

28920 

Total 

158026 

1S1S20 

169059 

18672S 

2S74S7' 

10  percent 

-TMrn  ■ 

'252472 

309048 

31 7860 

250025 

1 38260 

1 26094 

211052 

Inflow 

12S026 

156772 

153600 

168201 

228606 

215244 

228051 

300090 

301998 

2IS957 

129486 

117020 

193338 

Un i dent i f ied 

2S80 

- 1592 

- 1 030 1 

-8266 

1551 

-5975 

-7239 

-17412 

-8388 

21018 

-1)76 

-776 

-2982 

Sdb  region 

10420 

16140 

25760 

26790 

27300 

26810 

31660 

26370 

24250 

13050 

9950 

98S0 

20696 

Mean 

Total 

124560 

131642 

154675 

1 75005 

211050 

i5J!S7s 

207605 

252523 

245300 

175730 

130260 

122355 

177400 

Inflow 

1 1 SOSO 

118176 

137785 

156370 

190217 

176971 

189248 

242090 

232637 

167070 

122450 

114286 

163531 

Unidentified 

-1J8 

-43 

-508 

-320 

-481 

-715 

-6350 

-11384 

-4237 

-2091 

-760 

-586 

-2296 

Subregion 

9658 

13509 

17598 

18955 

21314 

21769 

24707 

21817 

16900 

10751 

8570 

8655 

1616S 

Total 

1 1 7929 

121959 

139146 

155053 

80  percent 
156659  15^055 

*165402 

184418 

1S4712 

121898 

119698 

118277 

142517 

Inflow 

109428 

110134 

125506 

136103 

139168 

13748S 

152492 

179594 

143201 

114368 

114184 

nun 

131048 

Uhidenti fied 

281 

985 

2600 

6870 

2431 

950 

-5930 

-8876 

61 

-1190 

-2256 

56 

-335 

SiA>  region 

8220 

10840 

11240 

12080 

15060 

16620 

18840 

13700 

11450 

8720 

7770 

7110 

11804 

Minimum 

Total 

114885 

117150 

131270 

140345 

142470 

nrur 

132655 

131975 

130785 

116110 

117130 

107100 

126584 

Inflow 

10S625 

102926 

116929 

128592 

129330 

125463 

119552 

126402 

126018 

106330 

111480 

102466 

1 167S9 

Uni  dent i fied 

5002 

6364 

6631 

3163 

2800 

947 

-57 

-4827 

-3573 

39S0 

370 

-626 

1512 

Subregion 

6260 

7860 

7710 

8590 

10340 

10730 

13160 

10400 

8340 

5830 

5280 

S260 

8313 

MttVts  i.  5ii>  region  discharge  is  that  which  originates  in  the  subregion. 


2.  Twenty  percent  and  eighty  percent  represent  the  discharge  available  20  and  80  percent  of  the  time. 

3.  Unidentified  flows  include  inflow  to  main  streaias  from  ground  water  springs,  water  from  armosphere 
falling  directly  on  main  streams,  evaporation  and  evapotranspiration  losses,  deep  percolation,  channel 
storage  and  bank  storage.  Of  these  items,  channel  storage  accounts  for  a large  part  of  the  variations 
shown. 


Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  447  to  464.  The  slopes  of  the  curves  from  one 
stream  to  another  are  quite  variable,  being  greatest  in  high  flows 
for  the  John  Day  and  Klickitat  Rivers  and  Willow  Creek,  and  greatest 
in  low  flows  for  the  upper  Walla  Walla,  Deschutes,  White  Salmon,  and 
Hood  Rivers.  The  spread  of  the  curves  from  1-month  to  12-month 
flows  is  highly  variable.  The  greatest  spread  for  high  flows  is 
shown  for  the  John  Day  and  Klickitat  Rivers  and  Willow  Creek,  while 
the  least  spread  is  shown  for  the  upper  Walla  Walla,  Deschutes, 

Hood,  and  Columbia  Rivers;  however,  the  spread  for  low  flows  is 
great  for  all  streams  except  the  Deschutes  and  Columbia  Rivers. 

Duration  curves  for  three  flow  conditions,  daily,  monthly, 
and  annual,  are  presented  in  figures  465  to  482.  The  monthly  and 
annual  discharges  used  are  those  of  tables  245  to  262,  but  the 
daily  flows  are  observed  for  the  period  of  record  as  provided  in 
the  Geological  Survey  daily  summaries.  The  greatest  departure 
between  annual  and  monthly  flow  curves  is  shown  for  the  John  Day, 
Umatilla,  and  lower  Walla  Walla  Rivers  and  Willow  Creek;  while  the 
greatest  slope  of  the  curve  is  exhibited  by  Willow  Creek,  the  John 
Day  and  the  Umatilla  Rivers. 
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Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
483  to  499.  Curves  for  both  regulated  and  unregulated  conditions 
are  presented  where  flows  are  modified  by  reservoirs.  The  highest 
degree  of  regulation  is  depicted  for  the  upper  Deschutes,  Crooked, 
and  Columbia  Rivers.  The  curve  with  greatest  slope  is  that  for 
Willow  Creek;  other  high  slopes  in  order  of  magnitude  are  those  for 
the  Walla  Walla,  Umatilla,  and  Klickitat  Rivers. 

Dependable  yields  are  given  in  tables  263  to  280.  Each 
table  shows  the  lowest  mean  flows  for  from  one  to  ten  consecutive 
years  in  the  30 -year  base  period  and  their  relationship  to  the 
30-year  mean.  The  difference  between  any  two  flows  is  a measure 
of  the  reservoir  storage  capacity  required  to  make  the  higher  flow 
available;  Willow  Creek  near  Heppner  and  the  John  Day  River  would 
require  relatively  more  storage,  with  the  former  having  a minimum- 
year  flow  of  only  18  percent  of  the  30-year  mean  (table  267).  On 
the  other  hand,  the  minimum-year  flow  of  Crooked  River  near  Culver 
is  77  percent  (table  274),  and  that  for  the  Columbia  River  is  nearly 
as  high.  Hood  River  has  the  relatively  hgihest  10- year  average. 

The  average  minimum-year  discharge  for  all  streams  is  about  53  per- 
cent of  the  mean. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  for  five  streams  in  figures  500  to 
504.  The  annual  means  for  the  base  period  and  for  the  entire 
period  of  record  are  shown.  Although  the  annual  precipitation  for 
a single  year  varied  from  the  mean  by  as  much  as  64  percent,  the 
5-year  moving  average  varied  from  the  mean  by  no  more  than 
31  percent. 

The  5-year  moving  averages  are  presented  in  order  to 
indicate  trends  more  clearly.  Trends  for  the  Deschutes  River  are 
masked  by  the  fact  that  part  of  its  discharge  lags  the  precipitation 
by  several  years,  particularly  that  for  the  Metolius  River.  Never- 
theless, a general  decline  in  precipitation  and  streamflow  is 
indicated  during  the  period  1895  to  1945,  with  recovery  since  then. 

As  indicated  in  the  discussions  on  frequency  and  duration 
curves,  the  variation  in  annual  flows  at  selected  sites  during  the 
30-year  base  period  is  quite  high.  The  maximum  annual  discharge 
is  generally  about  4.0  times  the  minimum  annual  discharge,  ranging 
from  1.7  for  the  Crooked  River  to  6.6  for  the  John  Day  River  at 
Picture  Gorge  near  Dayville. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  in  figures  429  to  446.  Two  annual  peaks  are  shown 
for  all  streams  except  John  Day  River  and  Willow  Creek,  which 
are  almost  entirely  snowmelt  streams.  The  others  indicate  varying 


importance  for  the  rainfall  and  snowmelt  peaks,  with  Hood  River 
exhibiting  the  greatest  preponderance  of  rainfall  runoff. 

The  wide  spread  in  the  high-flow  frequency  curves  for  the 
John  Day  and  Klickitat  Rivers  and  Willow  Creek,  and  in  the  low-flow 
curves  for  all  streams  except  the  Deschutes  and  Columbia  Rivers, 
show  great  variation  from  monthly  to  annual  mean  discharge.  This 
is  confirmed  by  the  departure  of  monthly  duration  curve  from  annual 
for  these  streams.  The  low  runoff  occurs  in  August  and  September, 
except  for  that  of  the  Columbia  River  which  occurs  in  October,  and 
for  the  upper  Deschutes,  in  November,  December,  and  January. 

Streams  with  deep  snowpacks,  such  as  the  upper  Deschutes  and 
Columbia  Rivers,  or  with  large  underground  reservoirs,  such  as  the 
Deschutes,  Klickitat,  and  White  Salmon  Rivers,  have  the  smallest 
variations  in  seasonal  flows.  Where  low  flows  are  used  for 
irrigation,  the  remaining  low  flows  exhibit  wide  seasonal  variation 
such  as  for  the  Deschutes  River  below  Bend. 


Streamflow  Travel  Time  With  the  cooperation  of  Federal 
and  State  agencies,  time-of-travel  studies  have  been  made  for  the 
Walla  Walla  and  John  Day  Rivers.  Data  for  high  discharges  are 
lacking.  Plots  of  accumulated  time  in  hours  versus  river  mile  for 
low  discharge  are  shown  in  figures  505  and  506.  The  travel  time 
was  determined  by  injections  of  rhodamine  B dye  into  the  river  and 
detecting  the  leading  edge  and  peak  concentration  of  the  dye  by 
fluorometer.  The  travel  rate  of  the  peak  concentration  of  the  dye 
is  approximately  equal  to  the  average  velocity  of  the  water. 

Travel  times  in  minutes  per  mile  for  the  lower  10  miles  of  four 
rivers  under  low-flow  conditions  are  as  follows:  North  Fork  John 
Day,  160;  John  Day,  140;  Touchet,  36;  Walla  Walla,  48. 


River  Profiles  Profiles  for  selected  streams  are  shown 
on  figures  507  to  509.  The  profiles  were  constructed  from  topo- 
graphic maps  and  data  from  available  reports. 


(Narrative  continued  on  page  608) 


Table  T»  - Kst  i mated  Me. in  Discharge,  in  CFS,  Walla  Walla  River  near  Milton,  Oregon 

Water 


Year 

£yZft 

oct 

Nov 

Pec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

110 

Aitft 

93 

Sep 

95 

Annua  1 

1929 

o7 

72 

73 

85 

92 

303 

2 70 

341 

214 

49 

31 

38 

136 

1930 

42 

46 

136 

85 

380 

410 

275 

260 

255 

230 

210 

100 

202 

19J1 

91 

104 

1 19 

l 79 

156 

359 

381 

280 

133 

83 

76 

79 

170 

1932 

94 

104 

140 

1 70 

174 

514 

52  7 

604 

308 

133 

102 

101 

248 

1933 

104 

2 34 

159 

253 

146 

271 

'*40 

514 

431 

140 

114 

113 

243 

1934 

120 

151 

400 

321 

200 

327 

240 

132 

131 

107 

102 

103 

194 

1935 

115 

146 

207 

185 

191 

227 

583 

377 

198 

113 

100 

98 

212 

1936 

105 

105 

120 

236 

142 

329 

599 

421 

179 

112 

103 

109 

213 

1937 

104 

109 

111 

99 

115 

214 

355 

418 

221 

112 

99 

9b 

171 

1938 

96 

137 

233 

198 

196 

323 

514 

360 

175 

108 

99 

97 

211 

1939 

103 

140 

142 

152 

174 

455 

391 

348 

173 

110 

90 

90 

197 

1940 

96 

96 

122 

145 

'<01 

380 

430 

245 

114 

95 

89 

90 

192 

1941 

98 

140 

186 

162 

136 

164 

170 

221 

222 

109 

87 

96 

149 

1942 

112 

177 

26  7 

154 

204 

203 

343 

294 

241 

138 

88 

85 

192 

1943 

92 

199 

34  3 

243 

289 

262 

595 

465 

361 

155 

110 

106 

268 

1944 

119 

129 

142 

118 

173 

264 

388 

309 

167 

106 

94 

95 

175 

1 945 

95 

101 

102 

209 

251 

311 

368 

542 

296 

115 

100 

105 

216 

1 94b 

99 

188 

268 

238 

209 

322 

438 

508 

276 

139 

106 

115 

242 

1947 

132 

219 

516 

289 

2 78 

305 

430 

307 

178 

124 

115 

120 

251 

1948 

179 

352 

275 

311 

297 

262 

454 

818 

556 

187 

139 

140 

331 

1949 

140 

183 

207 

147 

254 

402 

534 

594 

268 

144 

124 

124 

260 

1950 

129 

145 

161 

197 

348 

405 

402 

520 

501 

181 

140 

133 

272 

1951 

152 

2 74 

336 

315 

355 

281 

404 

359 

316 

144 

128 

126 

266 

1952 

186 

199 

226 

173 

277 

264 

572 

494 

252 

182 

129 

124 

256 

1953 

125 

126 

129 

365 

372 

336 

420 

409 

307 

152 

130 

124 

250 

1954 

126 

144 

250 

232 

2 76 

236 

389 

311 

315 

143 

125 

122 

222 

1955 

124 

132 

125 

141 

170 

169 

309 

457 

334 

145 

109 

106 

193 

1956 

120 

169 

362 

301 

168 

283 

437 

469 

225 

126 

112 

107 

240 

1957 

111 

130 

302 

150 

266 

358 

478 

529 

202 

119 

106 

108 

238 

111 £ 

224 

244 

396 

222 

528 

560 

219 

127 

115 

113 

251 

Mean 

113 

153 

213 

203 

236 

305 

422 

416 

259 

131 

109 

106 

222 

Tabl 

e 246 

- 

Modified  Mean  Discharge,  in  CFS,  Walla  Walla  River 

near 

Touchet , 

Washington 

Water 

Year 

Oct 

Nov 

Pec 

Jan 

Feb 

Mar 

A El 

Jun 

Jul 

Aug 

Sep 

Annua  1 

1928 

9 

6 

9 

1929 

40 

25 

115 

235 

260 

1220 

470 

510 

172 

4 

5 

5 

255 

1930 

35 

20 

315 

235 

1760 

1990 

480 

280 

252 

150 

134 

12 

472 

1931 

55 

65 

255 

620 

605 

1605 

965 

330 

65 

4 

5 

6 

382 

1932 

60 

65 

335 

585 

710 

2805 

1905 

1500 

355 

33 

10 

12 

698 

1933 

75 

535 

415 

975 

550 

1015 

1295 

1150 

600 

42 

20 

25 

558 

1934 

125 

225 

1985 

1345 

825 

1390 

360 

50 

63 

10 

9 

14 

533 

1935 

105 

205 

655 

655 

775 

770 

2415 

630 

145 

10 

8 

11 

532 

1936 

77 

65 

265 

895 

525 

1400 

2545 

790 

115 

9 

10 

19 

559 

1937 

75 

70 

235 

275 

385 

705 

825 

775 

185 

9 

8 

10 

296 

1938 

60 

175 

795 

710 

805 

1350 

1810 

575 

110 

10 

8 

10 

535 

1939 

75 

180 

345 

495 

710 

2350 

1015 

535 

105 

8 

6 

8 

486 

1940 

60 

45 

265 

465 

1865 

1755 

1235 

240 

50 

6 

5 

8 

500 

1941 

65 

180 

535 

545 

495 

480 

145 

190 

185 

10 

4 

10 

237 

1942 

90 

320 

1005 

505 

855 

650 

770 

370 

225 

40 

4 

7 

403 

1943 

55 

400 

1555 

935 

1285 

965 

2495 

955 

462 

60 

17 

16 

767 

1944 

120 

140 

345 

360 

705 

980 

1005 

410 

100 

7 

6 

10 

349 

1945 

60 

55 

205 

765 

1085 

1265 

905 

1260 

330 

12 

9 

15 

497 

1946 

67 

365 

1010 

905 

875 

1340 

1285 

1130 

290 

40 

14 

35 

613 

1947 

170 

480 

2985 

1165 

1235 

1230 

1235 

410 

115 

22 

21 

42 

759 

1948 

345 

960 

1055 

1285 

1335 

965 

1385 

2320 

840 

100 

55 

125 

897 

1949 

195 

340 

655 

485 

1110 

1920 

1965 

1465 

280 

47 

30 

45 

711 

1950 

160 

200 

425 

705 

1595 

1950 

1065 

1175 

735 

92 

48 

55 

684 

1951 

240 

685 

1485 

1310 

1635 

108C 

1085 

575 

375 

47 

34 

74 

719 

1952 

397 

437 

858 

1033 

1821 

973 

1520 

800 

137 

94 

23 

59 

679 

1953 

68 

114 

280 

1540 

1494 

1153 

1071 

766 

385 

35 

18 

22 

579 

1954 

8} 

162 

909 

949 

1285 

750 

969 

298 

471 

41 

34 

71 

502 

1955 

108 

161 

272 

469 

578 

498 

1129 

1048 

296 

46 

12 

3 

385 

1956 

144 

518 

1792 

1561 

846 

1666 

1534 

1052 

189 

36 

23 

49 

784 

1957 

108 

205 

790 

319 

1162 

1710 

1555 

1217 

142 

16 

13 

20 

605 

1958 

169 

174 

696 

948 

1857 

717 

2160 

1147 

166 

26 

7 

29 

675 

M.*n 

iii 

~T5T~ 

761 

»» 

1634 

1288 

1287 

759 

565 

~w 

20 

28 

' ~ 555 

I able  -■i'*  - <H*sfrve«J  Mean  Discharge,  in  CPS,  Willow  Creek  at  Heppner,  Oregon 

Water 


Year 

1928 

Oct 

Xov 

Pat 

Jan 

Feb 

Mar 

A££ 

Ma* 

Jun 

Jul 

1.5 

Au* 

0.0 

B 

Annual 

1929 

0.8 

4.2 

2.4 

3.1 

5.4 

67.0 

61.0 

41.0 

5.0 

0.0 

0.0 

0.0 

15.8 

1910 

0.0 

1.7 

0.8 

0.8 

32.0 

20.0 

7.6 

4.1 

0.0 

0.0 

0 0 

0.0 

5.6 

19)1 

1.1 

7.4 

0.2 

8.1 

5.4 

6.5 

27.0 

3.3 

0.0 

0.0 

0.0 

0.0 

4.9 

1912 

0.7 

0.0 

3.3 

6.5 

31.0 

101.0 

65.0 

37.0 

5 5 

0 0 

0 0 

0.0 

20.8 

1911 

1.0 

5.0 

1.1 

0.2 

4.5 

41.0 

50.0 

54.0 

14  0 

0.0 

0.0 

0.0 

14.2 

m« 

0.0 

0.0 

0.8 

15.0 

5.4 

4.1 

1.7 

0.8 

10. 0 

0.0 

0.0 

0.0 

3.2 

1 9)S 

0.0 

0.0 

0.8 

4. 1 

9.0 

1.6 

21.0 

9.8 

0.0 

0.0 

0.0 

0.0 

3.8 

19  It* 

0.0 

0.0 

0.0 

1.6 

6.3 

18.0 

29.0 

9.8 

0.0 

0.0 

0.0 

0.0 

5.4 

19)7 

0.0 

0.0 

0.0 

0.0 

4.5 

49.0 

76.0 

41.0 

3.7 

0.0 

0.0 

0.0 

12.0 

19)8 

0.0 

0.0 

1.3 

4.9 

11.0 

50.0 

74.0 

22.0 

0.7 

0.0 

0 0 

0.0 

14.1 

1 9 j9 

0.0 

0.0 

0.0 

0.8 

2.7 

63.0 

18.0 

6.5 

0.0 

0.0 

0.0 

0.0 

7.6 

1 9<*0 

0.0 

7.4 

0.0 

0.8 

24.0 

35.0 

27.0 

7.3 

0.0 

0.0 

0.0 

0.0 

8.5 

1941 

0.0 

0.3 

8 1 

11.0 

9.0 

20.0 

5 0 

14.0 

44.0 

6.7 

0.0 

D.O 

9.8 

1942 

2.0 

11.0 

35.0 

43.0 

59.0 

77.0 

82.0 

66.0 

45.0 

3.6 

0.0 

0.0 

35.3 

194) 

0.8 

2.5 

50.0 

64.0 

bl. 0 

48.0 

89.0 

67.0 

33.0 

11.0 

0.7 

0.4 

35.6 

1944 

1.7 

8.1 

5.7 

1,  f 

7.2 

21.0 

21.0 

15.0 

1.7 

0.3 

0.3 

0.2 

7.5 

1945 

1.4 

1.8 

4.1 

6.5 

24.0 

33.0 

45.0 

65  0 

29.0 

0 8 

0.4 

0.3 

17.8 

1946 

1.2 

2.9 

15.0 

22.0 

17.0 

48.0 

51.0 

28  0 

9. 1 

2.3 

0.4 

0.4 

16.4 

1947 

3.4 

8.7 

17.0 

21  0 

45.0 

26.0 

24.0 

8.9 

3.9 

4.6 

0.3 

0.3 

13.6 

194* 

4.1 

5.0 

44.0 

35.0 

34.0 

59.0 

103.0 

107.0 

91.0 

20.0 

2.0 

1.3 

42.1 

1949 

6.2 

10.0 

6.5 

5.7 

85.0 

79.0 

48.0 

28.0 

1.5 

0.2 

0.2 

0 4 

22.6 

19*0 

3.3 

7.0 

5.7 

15.0 

64.0 

65.0 

65.0 

56.0 

49.0 

8.1 

0.6 

0.4 

28.3 

1951 

4.1 

4.9 

2.4 

36.0 

63.0 

49.0 

57.0 

34.0 

9.0 

1.0 

0.3 

0 2 

21.7 

1952 

2.9 

5.2 

6.1 

6.4 

18.1 

24.4 

44.4 

44.5 

10.4 

5.5 

0.1 

0.3 

14.0 

1953 

0.4 

2.8 

4.5 

24.3 

39.7 

74.5 

62.7 

52.0 

28.8 

1.4 

0.4 

0.4 

24.2 

1954 

1.4 

5.3 

23.2 

13.9 

23.0 

17.3 

34.4 

8.0 

40  9 

2.1 

0.5 

0 7 

14.1 

1955 

2.6 

4.1 

3.8 

4.3 

6.3 

12.1 

44.9 

63.2 

16.7 

4.3 

0.  1 

0.0 

13.6 

1956 

1.1 

11.3 

63.0 

65  6 

36.3 

66.4 

73.9 

67.0 

12.4 

2.2 

0.6 

0.3 

33.4 

1957 

2.6 

5.7 

6.9 

5.4 

17. 1 

69  7 

72.8 

43.2 

8.1 

0.8 

0.1 

0.1 

19.4 

1958 

8.3 

10.8 

29.5 

37.7 

89.2 

52.) 

112  0 

89.7 

14.2 

1.1 

0.2 

0.4 

36  7 

Table  251 

-Observed  Mean  Discharge, 

in  CFS, 

North 

Fork  John  Day 

River  at 

Monument , Oregon 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Annual 

1928 

265 

96 

108 

1929 

151 

193 

150 

148 

134 

1860 

2910 

3650 

1690 

289 

82 

74 

948 

1930 

92 

95 

228 

123 

1190 

1150 

1560 

969 

659 

121 

60 

60 

519 

1931 

131 

116 

124 

239 

286 

1400 

2960 

1490 

326 

99 

37 

53 

605 

1932 

89 

121 

204 

378 

835 

4760 

6030 

5270 

1480 

218 

72 

63 

1630 

1933 

99 

191 

117 

201 

167 

1400 

3610 

4510 

2810 

331 

103 

92 

1140 

1934 

100 

157 

601 

903 

725 

1191 

1051 

378 

496 

139 

42 

45 

484 

1933 

93 

143 

237 

284 

535 

835 

2 783 

2121 

744 

180 

65 

50 

671 

193b 

68 

92 

103 

310 

357 

1419 

4071 

2323 

633 

121 

46 

62 

798 

1937 

58 

64 

97 

76 

163 

1781 

3630 

3724 

1170 

240 

71 

64 

931 

1938 

103 

227 

936 

649 

1064 

2725 

5331 

3033 

1059 

230 

74 

64 

1289 

1939 

91 

141 

226 

217 

254 

3428 

3553 

1786 

519 

143 

47 

51 

874 

1940 

80 

84 

158 

344 

1896 

3004 

3040 

1564 

375 

101 

46 

84 

893 

1941 

133 

372 

947 

752 

898 

2056 

1793 

2330 

2026 

501 

185 

264 

1021 

1942 

348 

877 

1790 

940 

1658 

2389 

5517 

3933 

1809 

582 

142 

100 

1661 

1943 

112 

365 

1307 

1753 

2111 

3202 

6695 

4044 

2544 

840 

198 

130 

1935 

1944 

157 

231 

203 

184 

288 

892 

1909 

1387 

695 

189 

76 

74 

523 

1945 

92 

125 

128 

346 

1205 

1488 

3069 

4627 

1680 

273 

94 

86 

1099 

1946 

106 

310 

1009 

897 

786 

2726 

4447 

3552 

1320 

381 

137 

147 

1320 

1947 

258 

766 

1375 

693 

1693 

2145 

3034 

2170 

1228 

255 

101 

115 

1147 

1948 

186 

859 

1277 

1894 

1243 

1422 

4385 

8794 

5227 

830 

281 

189 

2216 

1949 

227 

262 

396 

248 

1664 

3666 

4604 

4673 

1103 

236 

109 

111 

1439 

1950 

162 

231 

251 

433 

1613 

2477 

3956 

3642 

2743 

535 

164 

99 

1352 

1951 

213 

573 

1132 

1387 

3032 

2393 

4919 

3415 

1010 

254 

104 

89 

1530 

1952 

179 

197 

340 

305 

881 

2364 

5597 

5015 

1570 

483 

137 

110 

1430 

1953 

98 

109 

154 

1433 

1948 

2039 

3742 

4567 

3838 

859 

200 

128 

1586 

1954 

144 

236 

685 

559 

1508 

1405 

2739 

2152 

1980 

443 

156 

133 

1005 

1955 

142 

177 

131 

187 

205 

429 

2116 

3444 

1962 

435 

103 

101 

787 

1956 

159 

467 

2729 

2485 

938 

3743 

6337 

6520 

2177 

440 

173 

131 

2197 

1957 

185 

222 

460 

245 

1303 

3677 

4584 

5160 

1608 

274 

123 

104 

1496 

1958 

317 

315 

989 

1160 

4769 

2049 

5032 

6584 

2054 

480 

149 

138 

1982 

Mean 

146 

277 

616 

656 

1178 

2184 

3833 

3561 

1618 

350 

113 

100 

1217 

Table  252 

Modi.Ci.ed  Mean  Discharge 

, in  CFS,  John  Day  River  at 

Service 

Creek, 

Oregon 

Water 

Year 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

*££ 

Jun 

Jul 

Aug 

Sep 

Annua 1 

1926 

384 

95 

112 

1929 

223 

316 

314 

312 

422 

2770 

3480 

4190 

1980 

330 

74 

58 

1206 

1930 

170 

221 

476 

2 78 

1720 

1490 

1900 

1220 

754 

135 

62 

60 

699 

1931 

202 

236 

250 

479 

504 

1730 

3800 

1730 

416 

97 

27 

38 

790 

1932 

81 

187 

316 

604 

1360 

7470 

7950 

6710 

1830 

300 

76 

64 

2250 

1933 

131 

348 

249 

373 

366 

2010 

4970 

6090 

3890 

461 

106 

106 

1590 

1934 

176 

320 

813 

1288 

1036 

1438 

1263 

491 

675 

161 

43 

43 

643 

1935 

120 

270 

468 

505 

850 

1100 

3703 

2735 

992 

214 

52 

31 

917 

1936 

72 

192 

216 

547 

721 

2406 

5699 

3139 

948 

142 

46 

63 

1179 

1937 

70 

152 

237 

195 

358 

2651 

5523 

4998 

1664 

341 

68 

60 

1363 

1938 

188 

454 

1871 

1298 

1954 

4481 

7764 

4833 

1798 

372 

106 

77 

2096 

1939 

198 

365 

461 

453 

541 

5261 

5018 

2297 

746 

185 

43 

50 

1305 

1940 

125 

222 

334 

604 

2452 

4463 

4729 

2098 

544 

128 

44 

134 

1316 

1941 

298 

589 

1280 

1141 

1367 

3063 

2623 

3480 

2868 

645 

298 

492 

1512 

1942 

567 

1328 

2576 

1630 

2918 

3773 

8247 

5766 

2818 

867 

220 

167 

2564 

194} 

237 

661 

2338 

3244 

3828 

5109 

9812 

5900 

3798 

1295 

316 

233 

3052 

1944 

361 

581 

520 

428 

591 

1391 

2660 

1860 

1165 

288 

86 

89 

833 

1945 

169 

295 

320 

624 

1890 

2062 

4352 

6358 

2607 

448 

137 

131 

1611 

1946 

220 

572 

1834 

1961 

1509 

4514 

6679 

5117 

2160 

596 

161 

281 

2136 

1947 

455 

1213 

2149 

1026 

2743 

3299 

4403 

3253 

1850 

357 

157 

178 

1747 

1948 

301 

1306 

2025 

2982 

1953 

2265 

6517 

12050 

8327 

1456 

492 

281 

3329 

1949 

538 

614 

823 

588 

2913 

5623 

6582 

6295 

1455 

310 

144 

154 

2163 

1950 

373 

459 

516 

782 

2575 

3965 

5878 

4994 

3799 

774 

235 

133 

2030 

1951 

422 

1003 

1859 

2280 

5141 

3863 

7403 

5109 

1568 

369 

133 

121 

2416 

1952 

409 

470 

742 

640 

1759 

4090 

9124 

6669 

2302 

716 

206 

185 

2271 

1953 

212 

305 

362 

2282 

3181 

3260 

5629 

6646 

5699 

1277 

327 

250 

2441 

1954 

347 

548 

1411 

1138 

2691 

2481 

4257 

3096 

2772 

580 

208 

219 

1634 

1955 

302 

382 

340 

437 

443 

709 

3040 

4903 

2692 

647 

126 

115 

1180 

1956 

282 

696 

3999 

4050 

1847  , 

6913 

9622 

9595 

3236 

761 

260 

222 

3466 

1957 

405 

563 

819 

463 

2187 

5624 

6960 

7193 

2327 

436 

166 

149 

2273 

inn 

«36 

WHM 

ina 

uni 

7189 

9102 

3132 

791 

224 

243 

2941 

Mean 

276 

516 

1044 

1148 

1967 

3420 

5Ji9 

4930 

2360 

516 

155 

148 

lfil 

i 568 


Table  253.  Modified  Mean  Discharge,  in  CFS,  John  Day  River  at  McDonald  Ferry,  Oregon 

Water 


Year 

T958 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

Majr 

Jun 

Jul 

433 

Aug 

112 

Sep 

130 

Annual 

1929 

253 

352 

348 

344 

459 

3055 

3810 

4605 

2206 

376 

88 

71 

1330 

1930 

177 

215 

49’ 

350 

1990 

1445 

1890 

1175 

780 

151 

69 

60 

733 

1931 

195 

254 

264 

483 

505 

1565 

3760 

1795 

476 

130 

26 

31 

790 

1932 

81 

226 

480 

762 

1430 

7505 

7630 

6745 

1936 

334 

91 

57 

2273 

1933 

127 

344 

266 

378 

364 

1965 

4780 

5965 

4096 

567 

121 

97 

1589 

1934 

176 

331 

711 

1303 

1068 

1353 

1239 

478 

632 

196 

44 

30 

630 

1935 

93 

269 

451 

523 

862 

1028 

3604 

2655 

1091 

277 

54 

35 

912 

1936 

70 

193 

234 

611 

994 

2487 

5318 

3212 

1000 

196 

40 

55 

1201 

1937 

65 

158 

220 

215 

443 

2929 

5846 

5063 

1855 

417 

85 

74 

1447 

1938 

193 

438 

1946 

1367 

2071 

5073 

7874 

5066 

2001 

445 

124 

85 

2224 

1939 

203 

382 

466 

464 

524 

4881 

4976 

2460 

822 

210 

37 

45 

1289 

1940 

95 

206 

322 

580 

2349 

4850 

5370 

2221 

641 

115 

52 

128 

1411 

1941 

278 

498 

1431 

1388 

1419 

3166 

2687 

3556 

3045 

750 

313 

526 

1588 

1942 

56  7 

1463 

2813 

2025 

384  7 

4185 

8364 

6006 

3143 

1035 

244 

173 

2822 

1943 

250 

617 

2776 

4072 

4728 

5402 

10290 

6394 

4008 

1390 

366 

266 

3380 

1944 

354 

605 

531 

499 

628 

1440 

2593 

1871 

1156 

335 

99 

86 

850 

1945 

181 

308 

354 

633 

1986 

2135 

4365 

6550 

2870 

501 

148 

129 

1680 

1946 

210 

498 

1782 

2325 

1367 

4789 

6512 

5001 

2138 

618 

153 

271 

2139 

194  7 

423 

992 

2085 

1088 

2749 

3167 

4142 

3039 

1816 

414 

152 

161 

1686 

1948 

318 

1259 

2185 

3269 

2350 

2722 

7083 

12445 

9537 

1853 

594 

417 

3669 

1949 

627 

677 

945 

657 

3146 

5947 

6429 

6173 

1620 

327 

161 

149 

2238 

1950 

351 

436 

557 

818 

2759 

4492 

5963 

5048 

4325 

894 

267 

162 

2173 

1951 

432 

1161 

2222 

2744 

5923 

4540 

7663 

5430 

1820 

422 

148 

139 

2720 

1952 

391 

492 

756 

685 

2025 

3970 

9281 

7032 

2614 

860 

214 

193 

2376 

1953 

213 

344 

401 

2461 

3511 

3355 

5491 

6890 

5893 

1381 

350 

282 

2548 

1954 

391 

577 

1482 

1250 

2986 

2585 

4105 

3051 

2805 

642 

204 

232 

1692 

1955 

322 

422 

407 

485 

500 

693 

2978 

4891 

2801 

725 

132 

89 

1204 

1956 

265 

615 

4461 

4953 

2409 

6376 

9316 

9599 

3583 

960 

284 

280 

3592 

1957 

439 

635 

846 

508 

2011 

6252 

7440 

7471 

2658 

445 

180 

163 

2421 

1958 

662 

672 

1486 

1947 

7828 

3827 

7365 

9131 

3380 

930 

279 

265 

mTyru 

Water 

Table  2S4, 

Modified  Mean  Discharges,  in 

CFS, 

Deschutes 

River 

below 

Lava  Island  near  flend, 

Oregon 

Year 

1575 

Oct. 

Hoy. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

Ma* 

June 

July 

I0E0 

Aug. 

960 

Sept . 

1050 

Annual 

1929 

1090 

1050 

1070 

1040 

960 

1050 

1000 

1010 

1100 

11*0 

IO90 

966 

1050 

1930 

911* 

901 

1030 

910 

1060 

1000 

9*9 

930 

1090 

1170 

931 

845 

978 

1931 

857 

888 

785 

770 

799 

839 

856 

806 

909 

899 

817 

738 

831 

1932 

73** 

773 

753 

709 

727 

853 

975 

1100 

1080 

1120 

1100 

956 

907 

1933 

925 

1010 

950 

9*9 

883 

887 

998 

1050 

1360 

1260 

1*10 

1170 

1070 

193“* 

1115 

1139 

1118 

1126 

1055 

1037 

1098 

1008 

115* 

1260 

12*7 

99* 

1115 

1935 

832 

827 

851 

8*0 

850 

835 

950 

1103 

11*1 

1337 

13*6 

1127 

100* 

1936 

971. 

850 

839 

899 

868 

970 

1069 

1271 

1222 

1380 

1338 

1079 

1065 

1937 

995 

871* 

865 

861 

875 

9*5 

1051 

116* 

1259 

1397 

1376 

1078 

1060 

1938 

907 

902 

979 

981 

1123 

1222 

1315 

159* 

1*15 

1*52 

1516 

1379 

1233 

1939 

121*3 

1251 

986 

9*5 

93* 

1050 

113* 

12*7 

1311 

1*20 

1301 

988 

1152 

19*0 

827 

816 

83* 

8*1 

91* 

1007 

1016 

1060 

1200 

1210 

1016 

901 

970 

191*1 

852 

800 

803 

781 

788 

806 

739 

957 

969 

1001 

856 

77* 

8*5 

19*2 

737 

733 

786 

7*7 

762 

777 

806 

821 

903 

1118 

996 

838 

836 

191*3 

762 

791 

1021 

1039 

10*1 

1076 

1*33 

1370 

1*35 

13*9 

1*97 

1590 

1200 

191*1* 

1398 

11*95 

1272 

1209 

11*5 

1065 

881 

1106 

1206 

1335 

12*8 

in* 

1207 

191*5 

81*8 

651* 

656 

676 

685 

615 

815 

975 

1063 

13*0 

13** 

1162 

90* 

191*6 

1089 

883 

709 

805 

691 

767 

867 

1*32 

1*88 

1571 

1739 

1687 

11*7 

191*7 

11*95 

990 

91* 

779 

852 

937 

112* 

1*0* 

1385 

1670 

1529 

1*21 

1203 

191*8 

111*8 

589 

625 

577 

5*6 

5*3 

809 

1235 

1*29 

1971 

1835 

1823 

1096 

191*9 

1200 

556 

539 

516 

576 

681 

10** 

180* 

1953 

2l6l 

1916 

1731 

1227 

1950 

995 

551* 

555 

5*6 

697 

10*2 

127* 

19*5 

2096 

2396 

23*3 

2102 

13B1 

1951 

1158 

81*5 

1005 

1033 

1575 

1530 

1761 

2003 

8283 

2*60 

2*56 

210* 

1685 

1952 

1763 

11 1*8 

838 

768 

855 

13*5 

1966 

2226 

2721 

2657 

25*0 

203* 

17*1 

1953 

1592 

721 

661 

8** 

1086 

1036 

1380 

1969 

1913 

2537 

2370 

1962 

1509 

1951* 

1368 

1002 

U75 

1293 

1*31 

1*18 

1731 

2276 

20*8 

25*6 

2256 

1760 

1695 

1955 

1088 

7*0 

781 

97* 

1106 

12*7 

1*13 

178* 

2323 

2308 

2298 

1781 

1*89 

1956 

1231* 

716 

915 

975 

787 

8*6 

1610 

2313 

2328 

2625 

2**5 

2217 

1587 

1957 

1338 

998 

1025 

1052 

136 9 

1820 

17*5 

2016 

2*73 

2607 

2*23 

2063 

1789 

1958 

1121 

irm 

810 

818 

12*2 

1255 

■mv-.-u 

2296 

218* 

2*87 

2*50 

2013 

«■*'  -1 

Table  255.  Modified  Mean  Discharges,  in  CFS,  Deschutes  River  below  Bend,  Oregon 


Water 


Year 

153? 

Oct. 

Nov  ■ 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

156 

% 

W 

Annual 

1929 

Ull 

1030 

1010 

1010 

897 

924 

556 

153 

135 

138 

120 

163 

544 

1930 

304 

669 

949 

800 

933 

907 

231 

174 

169 

139 

71 

147 

456 

1931 

l£>3 

785 

696 

652 

662 

564 

292 

135 

no 

68 

11 

35 

356 

193? 

129 

532 

638 

673 

589 

627 

386 

224 

157 

158 

109 

133 

362 

1933 

1B9 

837 

957 

915 

787 

758 

431 

126 

298 

168 

135 

154 

478 

1931* 

163 

945 

1049 

1015 

748 

562 

197 

96 

123 

102 

106 

106 

433 

1935 

248 

713 

794 

801 

775 

734 

413 

190 

112 

163 

106 

104 

426 

1936 

129 

799 

795 

895 

872 

921 

571 

331 

185 

121 

167 

1U6 

493 

1937 

107 

562 

843 

901 

827 

880 

801 

146 

lUl 

116 

112 

112 

460 

1933 

218 

582 

852 

905 

1042 

1138 

992 

491 

228 

139 

167 

227 

579 

1939 

536 

1034 

974 

863 

907 

990 

182 

105 

104 

104 

96 

98 

498 

1940 

99 

429 

790 

856 

903 

979 

Ull 

112 

107 

74 

21 

99 

4o6 

19H 

162 

543 

742 

734 

713 

693 

129 

75 

30 

21 

21 

98 

328 

1912 

106 

400 

714 

69U 

708 

764 

187 

66 

23 

23 

20 

20 

309 

1913 

55 

357 

948 

1034 

925 

997 

827 

U2U 

365 

412 

257 

391 

581 

19II 

588 

1194 

1186 

1197 

1068 

1004 

348 

132 

142 

67 

56 

119 

591 

1915 

198 

422 

578 

596 

602 

489 

207 

95 

60 

105 

117 

167 

302 

1946 

276 

501 

528 

693 

579 

606 

282 

175 

75 

35 

152 

444 

361 

1947 

760 

760 

773 

713 

784 

867 

283 

53 

109 

71 

59 

74 

441 

1948 

248 

3 U4 

584 

573 

454 

363 

2lU 

105 

269 

105 

150 

UoU 

317 

1949 

628 

323 

532 

523 

518 

574 

362 

72 

53 

58 

76 

151 

322 

1950 

196 

269 

548 

557 

621 

995 

281 

136 

588 

90 

349 

405 

U20 

1951 

4l6 

695 

938 

994 

1495 

1439 

666 

305 

167 

193 

570 

523 

696 

1952 

855 

1062 

804 

749 

788 

1276 

686 

255 

799 

389 

486 

482 

718 

1953 

225 

637 

539 

768 

1069 

957 

357 

307 

326 

131 

393 

397 

505 

1954 

332 

938 

1068 

1207 

1386 

1402 

5UU 

249 

383 

201 

258 

308 

686 

1955 

188 

649 

703 

895 

1032 

665 

150 

155 

120 

89 

45 

94 

395 

1956 

102 

658 

846 

940 

732 

788 

608 

586 

403 

121 

169 

318 

522 

1957 

581 

948 

960 

1076 

1339 

1767 

918 

300 

116 

106 

122 

138 

694 

520 

700 

615 

782 

1226 

1205 

312 

191 

.301 

128 

117 

205 

521 

Mean 

305 

678 — 

302 

53V 

366 

35S 

427 

4??.. 

207 

120 

. —455 — 

206 

C7? 

Table  256. 

Modified  Mean  Discharges,  in 

CFS,  Crooked  River  near  Culver,  Oregon 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jem. 

Feb. 

Mar. 

Apr. 

*2 

June 

July 

ITCo 

Aug. 

1100 

Sept. 

1140 

Annual 

1929 

1200 

1180 

1170 

1170 

1170 

1590 

1700 

1360 

1200 

1130 

1130 

1150 

1260 

1930 

1160 

1210 

1320 

1250 

1690 

1440 

1320 

1220 

119‘) 

1190 

1170 

1170 

1280 

1931 

1170 

1170 

1170 

1190 

1260 

1460 

1660 

1180 

1140 

1140 

1140 

1140 

1230 

1932 

1150 

1190 

1210 

1230 

1370 

2740 

2590 

1750 

1240 

1170 

1170 

1180 

1500 

1933 

1190 

1240 

1260 

1250 

1260 

1440 

22 50 

1720 

1310 

1190 

1180 

1200 

1370 

1934 

1225 

1250 

1273 

1350 

1318 

1294 

1204 

1188 

1191 

1180 

1180 

1180 

1236 

1935 

1180 

1183 

1251 

1280 

1338 

1415 

2321 

1472 

1202 

1215 

1188 

1191 

1352 

1936 

1210 

1239 

1258 

1325 

1511 

1961 

2888 

1423 

1258 

1180 

1169 

1211 

1467 

1937 

1200 

U.96 

1220 

1216 

1250 

1590 

2674 

1737 

1300 

1195 

1169 

1216 

1413 

1938 

1232 

1315 

1753 

1428 

1624 

2659 

4299 

2079 

1319 

1196 

1197 

1228 

1776 

1939 

1276 

1290 

1261 

1256 

1277 

2204 

1821 

1185 

1150 

1146 

1148 

1185 

1350 

1940 

1234 

1263 

1269 

1317 

1706 

2798 

2302 

1339 

1186 

1170 

1173 

1222 

1497 

1941 

1291 

1314 

1359 

1386 

1510 

2468 

1913 

1451 

1312 

1208 

1225 

1290 

1477 

1942 

1301 

1425 

1544 

1472 

1815 

2054 

3162 

1746 

1457 

1243 

1190 

1235 

1634 

1943 

1228 

1394 

1829 

2241 

2393 

3387 

4348 

2105 

1506 

1293 

1251 

1270 

2016 

1944 

1349 

1399 

1338 

1304 

1394 

1701 

1763 

1280 

1296 

1213 

H99 

1234 

1372 

1945 

1273 

1311 

1321 

1527 

1931 

1645 

2561 

2122 

1559 

1243 

1220 

1276 

1579 

1946 

1315 

1426 

1863 

2053 

1B00 

2935 

3662 

1911 

1432 

1368 

1343 

1431 

1878 

1947 

1439 

1521 

1592 

1415 

1727 

1880 

1741 

1320 

1409 

1302 

1323 

1341 

1499 

1948 

1393 

1421 

1458 

1706 

1692 

1658 

2798 

2817 

2464 

1431 

1351 

1369 

1793 

1949 

1412 

1468 

143. 

1380 

2182 

2745 

3011 

1905 

1343 

1290 

1333 

1390 

1737 

1950 

1380 

1383 

1374 

1375 

1767 

2071 

2748 

1843 

1720 

1313 

1313 

1338 

1633 

1951 

1373 

1494 

1970 

1691 

2991 

2600 

3305 

2213 

1353 

1293 

1316 

1344 

1903 

1952 

1415 

1394 

1483 

1425 

1894 

271 8 

4820 

1988 

1491 

1361 

1355 

1398 

1891 

1953 

1409 

1418 

1396 

2003 

2362 

2184 

3174 

2547 

2149 

1491 

14 11 

1435 

1910 

1954 

1468 

1522 

1796 

1599 

2181 

2286 

2408 

1578 

1553 

1376 

1413 

1435 

1714 

1955 

1460 

1417 

1409 

1416 

1412 

1510 

1894 

2068 

1405 

1382 

1344 

1442 

1514 

1956 

1469 

1484 

2197 

2326 

1784 

3178 

3434 

2966 

1640 

1436 

1413 

1434 

2066 

1957 

1546 

1513 

1527 

1433 

2030 

2723 

2881 

2001 

1426 

1372 

1421 

1.365 

1369 

1763 

1958 

1520 

1446 

i534 

1651 

39J7 

3490. 

3426 

2412 

4707 

4375 

1426 

2017 

mvr~ 

13^0 

iu6o 

1470 

£l90 

2575“ 

1720 

1430 

1>70 

1260 

"So 

-4ff2 

570 


Table  257.  Modified  Mean  Dischargee,  In  CFS,  Deschutes  River  at  Moody  near  Biggs,  Oregon 

Water 


Year 

192B 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

*x 

June 

July 

“Safe 

Aug. 

“5596 

Sept. 

4552 

Annual 

1929 

3980 

4260 

4110 

5390 

4250 

4750 

4490 

5140 

4780 

4430 

3550 

3760 

4410 

1930 

3780 

3680 

4590 

5170 

5980 

4260 

4250 

4000 

3830 

3520 

3620 

3820 

4210 

1931 

3690 

3810 

3690 

5050 

3820 

4080 

5450 

4420 

3920 

3050 

3050 

3190 

3940 

1932 

J400 

3430 

7700 

6580 

6410 

6200 

5130 

5320 

4520 

3440 

3360 

3430 

4580 

1933 

3480 

7790 

4210 

5100 

4370 

4270 

4770 

5190 

6510 

4850 

3980 

3880 

4530 

1934 

3600 

3960 

5880 

6350 

4820 

4780 

4240 

4200 

4000 

3970 

3680 

3660 

4440 

1935 

4o4o 

4390 

5150 

5700 

4920 

4360 

5050 

5460 

4940 

4550 

3720 

3850 

4680 

1936 

3800 

3990 

4000 

6490 

4800 

4750 

6240 

5555 

4890 

4220 

3993 

4000 

4730 

1937 

3650 

3640 

4010 

5310 

4l6o 

4660 

6160 

5260 

5120 

4240 

3870 

3970 

4510 

193B 

3900 

4380 

5820 

7510 

6450 

7310 

9320 

6710 

5010 

4270 

4o8o 

4010 

5730 

1939 

3790 

4320 

4600 

5530 

4530 

4680 

4850 

4460 

398*1 

3450 

3790 

3850 

4320 

19**0 

7750 

3570 

4050 

5300 

5350 

5680 

5170 

1*060 

383- 

3540 

3150 

3700 

4260 

19*1 

3740 

3760 

4130 

5600 

45 10 

4183 

4l4o 

4130 

4240 

3130 

3340 

3570 

4o4o 

19U2 

3500 

3850 

5160 

5810 

6350 

4520 

5400 

4680 

4534 

3420 

3350 

3590 

4510 

191*3 

3630 

4960 

8l&> 

9970 

9650 

6860 

10500 

6920 

5840 

5330 

4410 

3990 

6680 

191*1* 

3780 

4001 

4092 

6130 

5860 

5530 

5540 

4350 

4000 

3410 

3620 

3560 

4490 

191*5 

3420 

3620 

3»70 

6270 

6340 

5530 

5660 

5160 

4320 

3400 

3390 

3450 

4540 

1946 

3470 

3590 

4500 

8350 

5550 

5770 

7350 

6390 

5340 

4670 

4090 

4180 

5270 

1947 

4180 

4980 

7920 

5710 

6770 

5420 

4890 

4650 

4560 

4l4o 

3870 

32 

5050 

19W 

3448 

4610 

4750 

6640 

5960 

5090 

5870 

7430 

7840 

4790 

4230 

5420 

1949 

4700 

4l8o 

5150 

5390 

7840 

7100 

7740 

8400 

5933 

4780 

4320 

4350 

5820 

1950 

4230 

4l80 

4480 

5180 

7180 

6780 

7190 

7040 

8020 

5460 

4780 

4730 

5770 

1951 

5100 

6170 

8020 

8740 

11820 

8560 

8610 

7850 

5640 

4920 

4890 

4870 

7100 

1952 

5350 

5320 

5500 

5740 

6980 

6090 

7770 

7170 

6520 

5410 

4870 

4840 

5960 

1953 

1*310 

4340 

4410 

9600 

9180 

5420 

6760 

7420 

6960 

5300 

4910 

4830 

6120 

1954 

4630 

5290 

7200 

8290 

9220 

7140 

6960 

6730 

6370 

5240 

4810 

4820 

6390 

1955 

4730 

4730 

4720 

5840 

5260 

4230 

4670 

5730 

6740 

5200 

4510 

4540 

5080 

1956 

4580 

5530 

9770 

10870 

7250 

8260 

9014 

10040 

7380 

5350 

4960 

5040 

734c 

1957 

5150 

5190 

5930 

6050 

6320 

8230 

7940 

7170 

5210 

4790 

4720 

4850 

5960 

1958 

4^60 

4660 

4980 

&80 

11280 

6470 

7670 

7290 

6410 

4570 

4280 

4160 

6l4o 

Mean 

40Cid 

, 4J40. 

5220 

Jh 0 

6420 

5600' 

6230 

»50 

— ?3T°. 

4360 

404o 

lK>90 

sM 

Water 

Year 

1935 

Table 

258.  Modified  Mean  Discharges, 

in  CFS, 

* 

I 

8 

River  at  The  Dalles,  Oregon 

Oct. 

Bov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

hsl 

June 

July 

2W55 

Aug. 

1256&5 

Sept. 

11002k 

Annual 

1929 

111951 

118397 

132743 

141588 

155300 

140700 

134560 

123674 

129451 

11311*0 

115281 

116084 

127726 

1930 

114898 

121584 

138691 

140207 

154300 

133600 

126054 

129573 

126885 

113410 

115609 

113180 

127495 

1931 

116654 

119238 

137713 

137360 

139100 

139400 

144584 

132386 

131766 

117709 

115289 

105201 

128033 

1932 

113655 

119720 

136186 

149755 

143800 

166900 

173919 

266378 

248153 

117648 

119493 

121433 

156415 

1933 

122409 

116664 

140965 

100883 

223300 

164900 

181911 

271848 

339956 

219630 

151007 

134434 

187317 

1934 

138859 

159818 

210756 

226182 

263400 

274100 

318289 

290135 

205443 

130248 

121234 

121742 

206679 

1935 

110943 

114908 

149937 

175923 

190900 

160400 

169030 

218567 

228766 

161713 

124922 

119418 

160440 

1936 

119544 

122463 

138992 

170074 

139600 

150300 

157816 

267781 

195727 

115779 

118979 

118026 

151249 

1937 

117721 

123202 

136365 

142567 

148300 

138100 

132369 

135242 

129708 

116852 

121188 

U8561 

130011 

1938 

116225 

112179 

135560 

170955 

197400 

179100 

207332 

242656 

256041 

208618 

121514 

117239 

172057 

1939 

119395 

115950 

119001 

129262 

167653 

138100 

156300 

175443 

184593 

150058 

121879 

121U09 

12351k 

119420 

142536 

1940 

123385 

126158 

176351 

164200 

175700 

180491. 

177710 

151112 

121003 

120162 

146308 

1941 

117337 

125248 

137646 

149363 

151300 

149900 

100252 

146175 

152572 

123179 

120712 

119322 

139404 

1942 

125651 

125456 

155966 

169562 

197800 

154400 

193316 

197048 

230255 

141224 

125192 

121584 

161449 

196224 

1943 

119510 

112362 

142051 

178465 

250400 

226100 

270957 

353047 

242629 

211014 

129591 

117981 

1944 

114533 

119733 

132367 

136693 

158700 

i:3000 

139005 

138520 

141686 

119698 

116614 

108281 

129967 

1945 

115939 

121974 

135255 

142882 

147300 

137700 

137743 

190708 

146800 

122523 

122828 

118417 

136667 

1946 

120222 

117859 

132625 

132057 

159087 

109500 

193800 

210575 

271968 

254408 

177607 

121565 

124000 

172716 

1947 

121193 

174009 

173k7k 

178003 

222900 

225100 

221533 

297534 

250202 

177446 

118781 

114698 

175683 

1948 

132426 

152455 

168434 

284900 

257700 

231736 

326172 

4521*20 

254601 

151524 

134J77 

227226 

1949 

126276 

127883 

136867 

174404 

202100 

194900 

211078 

297148 

274422 

115619 

116998 

115526 

174428 

1950 

113756 

112188 

148323 

173795 

248200 

2636OO 

243959 

295487 

329791 

284724 

141785 

120184 

206973 

1951 

135728 

150445 

164483 

180776 

342300 

299600 

310676 

292024 

262598 

221012 

142438 

122657 

218722 

1952 

136118 

145920 

160939 

137435 

177848 

239100 

209700 

243522 

333867 

257070 

196552 

116470 

116177 

194438 

1953 

117501 

121512 

167572 

214500 

164300 

175U4 

194068 

267603 

294185 

194159 

126363 

U9908 

175000 

1954 

120559 

135529 

157214 

176104 

239500 

225100 

281561 

310660 

203607 

193776 

147246 

205098 

1955 

161703 

177176 

197400 

146500 

159052 

184656 

2016**8 

245325 

135339 

119879 

174209 

1956 

134439 

149614 

177483 

188646 

268900 

336000 

295063 

400182 

381797 

324043 

251443 

134660 

124923 

238583 

1957 

127855 

130742 

162154 

180584 

222000 

213600 

217344 

310684 

161397 

115504 

117085 

190977 

ttg 

116627 

U7726 

127081 

172688 

226100 

196600 

233264 

295677 

284780 

219073 

131313 

105105 

185514 

121650 

urns 

JSS** 

w 

SU3& 

33W7 

*71950 

jaS22_ 

Js xsL 

SHF 

571 


Table  259.  Modified  Mean  Dischargee,  in  CFS,  Klickitat  River  near  Pitt,  Waehlf^ton 

Water 


Year 

W 

Oct. 

Hov. 

Dec. 

Jan. 

Feb. 

Mar. 

$5 

June 

1B44 

July 

I0S9 

Aug. 

[kO 

W 

Annual 

1929 

796 

799 

759 

729 

898 

1371 

1332 

2066 

1668 

926 

706 

638 

1062 

1930 

615 

577 

717 

626 

2181 

1301 

1782 

1316 

998 

718 

620 

688 

1002 

1931 

571* 

569 

529 

673 

727 

1071 

2112 

1766 

931 

641 

558 

558 

892 

19.32 

582 

6Ul 

676 

1264 

1691 

3021 

2392 

2676 

1908 

1086 

782 

681 

1152 

1933 

666 

ufli* 

1188 

1381 

1151* 

202k 

2732 

2016 

3118 

1636 

931 

780 

1662 

1931* 

91*9 

1019 

6168 

5601 

2387 

2382 

2342 

1512 

U.15 

919 

856 

777 

2185 

1935 

935 

1672 

1882 

2115 

1983 

1711 

1952 

2517’ 

1939 

1110 

850 

773 

1621 

1936 

729 

711 

703 

1822 

951 

1788 

2257 

2678 

1838 

917 

719 

688 

1321 

1937 

659 

607 

671 

611 

850 

1719 

2318 

2376 

2150 

1081 

626 

601 

1195 

1930 

625 

1038 

2388 

3136 

2017 

3668 

3562 

3636 

2506 

1321 

917 

815 

2l4< 

1939 

792 

778 

863 

839 

1120 

1350 

1685 

1726 

1065 

780 

631 

612 

1021 

19  UO 

597 

575 

823 

786 

2196 

2603 

2153 

1969 

1101 

735 

613 

6 22 

1255 

19U1 

61*1* 

680 

9lO 

1218 

1350 

H59 

1613 

1361 

887 

671 

572 

600 

1003 

19 <*2 

635 

729 

1595 

900 

2089 

1273 

1792 

1616 

1223 

782 

629 

573 

u.19 

19^3 

560 

1003 

1881 

1939 

2738 

2569 

1931 

3001 

2519 

1169 

903 

803 

2021 

191*1* 

810 

813 

825 

761 

931 

925 

1051 

1219 

891 

618 

518 

513 

826 

191*5 

519 

535 

570 

718 

1127 

918 

1261 

2171 

1292 

713 

557 

593 

923 

V)U6 

550 

731 

1173 

2120 

1717 

2289 

229I 

3371 

2212 

1375 

781 

678 

1637 

191*? 

722 

1066 

2382 

1238 

2358 

2107 

2090 

2K)6 

1552 

968 

710 

715 

1523 

19W 

1219 

1215 

1097 

2359 

21I0 

1909 

2068 

3193 

3116 

1307 

856 

729 

1775 

191*9 

81*3 

876 

1212 

695 

2I67 

3558 

3262 

1015 

2102 

1270 

898 

810 

1857 

1950 

832 

1127 

1053 

1110 

2508 

3652 

3213 

3378 

3109 

1781 

1035 

818 

1993 

1951 

1087 

1870 

3981 

3801 

1815 

2662 

1153 

3933 

2381 

1298 

9*1 

890 

2659 

1952 

1127 

1130 

1708 

1101 

3356 

1910 

3165 

3018 

1867 

1172 

861 

772 

1760 

1953 

762 

780 

839 

1211 

3251 

1667 

1935 

2837 

2163 

13I1 

828 

712 

1775 

1951* 

765 

881 

1518 

1760 

2915 

2783 

3390 

3321 

2587 

1789 

1001 

868 

1963 

1955 

922 

1061 

911 

936 

939 

1022 

H70 

2001 

2507 

1291 

810 

757 

1221 

1956 

990 

1839 

1239 

3777 

1911 

3031 

I918 

5211 

3563 

1919 

1168 

1021 

2809 

1957 

921 

929 

1103 

871 

1218 

2731 

2190 

2902 

1186 

923 

729 

705 

1429 

1958 

8ll* 

780 

1212 

2076 

3893 

20k0 

2353 

3350 

1896 

1053 

802 

758 

1711 

Mean 

775 

9l*5 

151*0 

1710 

2010 

2100 

2470 

2650 

I960 

1120 

782 

723 

Z3«5 

Table  260.  Modified  Mean  Discharges,  in  CFS,  Hood  River  (including  PP8L  Conduit)  near  Hood  River,  Oregon 

Water 


Year 

WTf 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

1947 

May 

1695 

June 

8551 

J-& 

% 

Sept. 

362 

Annual 

1929 

525 

686 

681 

716 

557 

1232 

1269 

1565 

1051 

525 

354 

328 

792 

1930 

400 

342 

930 

S45 

2202 

1051 

924 

687 

473 

SSS 

264 

284 

694 

1931 

443 

520 

567 

826 

748 

1602 

1951 

1029 

635 

382 

273 

272 

770 

1932 

439 

788 

590 

1138 

927 

2452 

1602 

1483 

1004 

579 

369 

345 

977 

1933 

517 

1671 

1218 

1670 

910 

1265 

1467 

1530 

2149 

985 

546 

602 

1210 

1934 

923 

988 

4823 

3495 

1331 

1823 

1259 

668 

441 

386 

317 

377 

1410 

193S 

778 

1752 

1987 

1590 

1235 

1256 

1316 

1386 

103S 

620 

396 

376 

1143 

1936 

438 

462 

827 

540 

775 

1223 

1760 

1304 

1514 

675 

333 

382 

1004 

1937 

366 

368 

816 

523 

758 

1261 

1817 

1647 

1575 

715 

370 

392 

885 

1939 

487 

1S78 

2324 

2047 

1028 

1712 

1826 

1354 

805 

505 

334 

344 

1196 

1939 

452 

431 

1060 

1066 

1217 

1207 

1067 

838 

550 

401 

261 

270 

754 

1940 

386 

346 

1031 

711 

1857 

1828 

1262 

853 

391 

290 

233 

351 

795 

1941 

432 

770 

855 

943 

761 

753 

S41 

681 

381 

264 

222 

380 

S82 

1942 

464 

755 

1710 

686 

1182 

862 

966 

919 

694 

431 

266 

216 

761 

1943 

344 

2280 

2S68 

1829 

2193 

1620 

2705 

1668 

1325 

868 

506 

383 

1517 

1944 

685 

901 

926 

756 

856 

817 

897 

816 

601 

359 

244 

300 

678 

194S 

413 

524 

557 

1150 

1411 

996 

1144 

1644 

678 

397 

267 

366 

793 

1946 

401 

998 

1866 

2021 

1309 

1620 

1317 

1610 

1175 

847 

452 

1103 

1170 

1947 

756 

1480 

1214 

1S22 

1651 

1311 

1186 

780 

741 

S23 

366 

428 

1162 

1946 

1430 

1460 

1086 

2067 

1769 

1279 

1235 

1584 

1258 

630 

477 

432 

1223 

1949 

676 

1285 

1946 

727 

1837 

1738 

2044 

2512 

1424 

489 

562 

597 

1347 

1950 

747 

1160 

1283 

674 

201S 

2515 

1922 

1462 

1921 

1106 

629 

514 

142S 

1951 

1164 

1919 

2461 

2453 

2704 

1524 

1792 

1637 

984 

637 

451 

439 

1512 

1952 

1313 

1136 

1608 

147 

1869 

1132 

1529 

1399 

987 

660 

420 

378 

1103 

1933 

359 

411 

622 

3861 

2248 

1196 

1125 

1386 

1075 

722 

495 

426 

1153 

19S4 

491 

1117 

2510 

1730 

20S3 

1650 

1900 

1540 

1396 

849 

491 

439 

1343 

195S 

619 

886 

991 

1015 

1096 

952 

1266 

1662 

1897 

1090 

559 

522 

1047 

1936 

1166 

2710 

3196 

2162 

1176 

1633 

2148 

2173 

1561 

902 

599 

SSI 

1684 

1937 

666 

6S3 

1731 

726 

1145 

2106 

1986 

1566 

840 

532 

406 

397 

1080 

1*S« 

640 

712 

1981 

1646 

2360 

1128 

1797 

1301 

985 

60S 

443 

424 

1175 

II:T'  a 

-fir~ 

lBSO 

1600 

1400 

1440 

1430 

1500 

■ MM 

10S0 

664 

JH 

421  ' 

IBTT 

S72 


Table  261.  Modified  Mean  Dischargee,  in  CFS,  White  Salmon  nr  Underwood,  Washington 

Water 


rear 

153! 

Oct. 

Wov. 

Dec  ■ 

Jan. 

Feb. 

Tfcr. 

A EEi 

June 

July 

~8f8 

^5 

^31 

Annual 

19» 

584 

595 

612 

558 

508 

824 

1000 

1350 

1060 

680 

581 

486 

738 

1930 

4» 

396 

527 

446 

1460 

1020 

1280 

915 

682 

538 

451 

434 

712 

1931 

508 

481 

455 

556 

603 

953 

1692 

1356 

944 

635 

531 

505 

768 

1932 

524 

579 

623 

822 

851 

1779 

1928 

2252 

1904 

1232 

913 

722 

1177 

1933 

676 

1294 

1016 

1186 

895 

1173 

1543 

1953 

2526 

1617 

1104 

1006 

1332 

1931* 

992 

1051 

3858 

3842 

2318 

2233 

1727 

1223 

1011 

863 

780 

730 

1719 

1935 

861 

1515 

1504 

1489 

1454 

1310 

1325 

1832 

1677 

1142 

909 

676 

1308 

1936 

606 

573 

562 

1322 

773 

1280 

1456 

1792 

1474 

890 

711 

597 

1004 

1937 

551 

496 

584 

487 

549 

1032 

1627 

1612 

1641 

987 

742 

654 

914 

1938 

570 

1101 

1732 

1994 

1340 

1805 

1727 

1736 

1416 

962 

784 

663 

1320 

1939 

634 

635 

730 

825 

964 

1049 

mg 

Ul8 

803 

644 

518 

490 

793 

1940 

475 

431 

760 

680 

1557 

1892 

1695 

1291 

823 

651 

537 

520 

94o 

1941 

500 

559 

771 

879 

941 

964 

986 

910 

666 

533 

469 

513 

723 

194S 

505 

647 

1502 

889 

1317 

960 

1147 

1067 

901 

634 

538 

458 

878 

1943 

443 

961 

1384 

1318 

1446 

1544 

2518 

1845 

1703 

1178 

825 

717 

1321 

1944 

679 

623 

728 

657 

810 

742 

822 

0o4 

642 

514 

457 

4j7 

659 

1945 

437 

496 

452 

724 

1130 

1040 

1134 

1608 

1001 

730 

598 

560 

824 

1946 

498 

612 

1137 

1623 

1318 

1480 

1376 

1814 

1572 

1079 

761 

704 

1164 

1947 

682 

954 

2194 

1335 

1774 

1459 

1377 

1049 

899 

650 

585 

604 

1127 

1948 

975 

1036 

949 

1679 

1543 

1355 

1267 

1841 

1631 

910 

752 

669 

1216 

1949 

630 

793 

1117 

682 

l4o6 

1974 

1878 

2354 

1761 

U40 

821 

739 

1273 

1950 

699 

966 

1021 

991 

1464 

2399 

2096 

1994 

2155 

1420 

1005 

812 

1417 

1951 

1003 

1583 

2504 

2203 

2675 

1813 

2018 

2085 

1537 

1055 

844 

761 

1667 

1952 

991 

1001 

1495 

997 

1813 

1269 

1558 

1656 

1307 

969 

757 

642 

1201 

1953 

556 

566 

581 

2542 

2132 

1413 

1317 

1608 

1400 

1046 

770 

649 

1211 

1954 

666 

811 

1463 

1442 

1838 

1808 

1833 

1797 

1680 

igm 

880 

774 

1347 

1955 

751 

911 

813 

899 

960 

925 

1149 

1257 

1608 

1076 

778 

734 

987 

1956 

900 

1607 

2349 

2010 

1313 

1812 

2269 

2565 

2506 

l64o 

1136 

936 

1755 

1957 

851 

835 

1252 

812 

1056  1915 

1793 

1748 

1090 

807 

677 

594 

1120 

EEB 

619 

641 

1521 

2433  1494 

1804 

1726 

_ 852 

692 

629 

1226 

111 

Tmble  262. 

Modified  Mean  Discharges,  in  CFS,  Columbia  River  at  Bonneville  Dam,  Oregon -WhAtngtcn 

Oct. 

»OT. 

Dec. 

J»o. 

Feb. 

Her. 

Apr. 

Mgr 

June 

July 

25W55 

Aug. 

120O&5 

Sept. 

11371U 

Annual 

1929 

115040 

I2I865 

136055 

144900 

158875 

146665 

i4o4jd 

131975 

136051 

116740 

117820 

118345 

132065 

1930 

117140 

123755 

142350 

142005 

164010 

139095 

132655 

134675 

130785 

116110 

117710 

115155 

131353 

1931 

118895 

121690 

139995 

140670 

142470 

1*50*7 

153535 

138985 

135565 

120010 

U7130 

107100 

131757 

1932 

115995 

122910 

139145 

155365 

150365 

17*910 

183220 

276080 

255255 

121650 

122195 

123845 

162077 

1933 

125080 

122865 

146415 

187555 

228210 

172775 

191710 

282050 

352455 

226030 

154505 

137685 

193944 

1934 

143060 

164420 

235755 

243980 

292536 

283600 

326*88 

295635 

210145 

133550 

124135 

124515 

214*52 

1935 

114885 

122310 

158395 

184495 

198630 

167375 

176615 

227865 

236065 

165915 

127920 

122165 

166886 

1936 

122095 

125175 

142220 

180125 

143775 

158345 

166715 

277480 

202525 

119180 

121480 

1204*6 

156630 

1937 

120010 

125360 

139985 

145135 

152110 

145645 

142900 

144440 

130210 

120950 

123680 

120940 

134947 

1938 

118665 

119440 

147320 

183375 

204600 

191650 

219730 

253755 

263440 

212020 

124445 

119990 

1799*5 

1939 

122185 

122510 

134010 

172695 

144025 

162660 

18194o 

190495 

161760 

124500 

123610 

121535 

146833 

1940 

118090 

125475 

131270 

100420 

175365 

186800 

108890 

184420 

154710 

123605 

125655 

122410 

151425 

1941 

119675 

128670 

142265 

155055 

156660 

155055 

185500 

151075 

155670 

125400 

122750 

121820 

143308 

1942 

120250 

129155 

165365 

173650 

206005 

159595 

199715 

202850 

234855 

144225 

127390 

123470 

166210 

1943 

121420 

119890 

152270 

186725 

261200 

236000 

288455 

363445 

251330 

216915 

132790 

120840 

204279 

1944 

117855 

123435 

136515 

140345 

163160 

137140 

144505 

143020 

145085 

121900 

118455 

110210 

134301 

1945 

117930 

124655 

137575 

147620 

153970 

142950 

143270 

1983IO 

150800 

124825 

124570 

120205 

140556 

1946 

121900 

121960 

as 

168685 

196390 

201935 

a7525 

200570 

260810 

181807 

124065 

126095 

178439 

1947 

123845 

13BD25 

13&575 

179845 

231465 

231915 

227865 

302535 

254100 

179945 

120680 

116650 

19U53 

1948 

150255 

173235 

187305 

293045 

264260 

238385 

337170 

459820 

258200 

154025 

136520 

233186 

1949 

126855 

132685 

143855 

177235 

210570 

205065 

221130 

309050 

201320 

119720 

119700 

110065 

180603 

1950 

116475 

117150 

153965 

179215 

257455 

276530 

255010 

305685 

339590 

290225 

145085 

130005 

213932 

1951 

140530 

159545 

177865 

192975 

356500 

307730 

321475 

301625 

268600 

224010 

145240 

125050 

226830 

i 1952 

141420 

151520 

169060 

102030 

249545 

215930 

252470 

341965 

262470 

200050 

119070 

110275 

200316 

1953 

1954 

119430 

122860 

123400 

136170 

140285 

166895 

185570 

184055 

226145 

249580 

170690 

233085 

101115 

204J70 

165400 

275205 

290160 

300105 

317860 

K 

128865 

196875 

122130 

149800 

180914 

211742 

1955 

138160 

151645 

166265 

181765 

202330 

150735 

191855 

289750 

250025 

138040 

122380 

179030 

1956 

139140 

159415 

§| 

VS  V* 

200545 

294630 

345815 

300215 

413280 

391495 

257045 

138260 

127940 

247346 

1957 

130965 

134540 

104075 

228370 

223720 

226495 

326485 

328443 

164195 

117645 

119060 

196067 

1 1958 

110945 

120025 

1 1 

101950 

s-v.-vyj 

242015 

■ '1 

573 


MEAN  DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND  2 MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


Period  1929  - 1950 
"1970  Condition* 
Dromogo  orto  160 

l L 1*9.  m. 


Annuo  I Moon  Dischorge,  c ( I 
Monmum  months  407 

Maximum  yoor  331 

20  percent  of  time  283 

Moon  month*  222 

80  porcont  of  tim*  168 

Minimum  yoor  136 


Poriod  1929-1958 
1970  Condition* 
Dromogo  oroo  I/657 
I I t SO.  IN 


Annual  Moon  Diftchorgo,  c f • 
Maximum  month c 1,390 
Maximum  yoor  897 

20  porcont  of  timo  813 
Moan  months  333 

80  porcont  Of  timo  303 
Minimum  yoor  237 

Minimum  month*  117 


■■limn 


IlgCigaiKgMBU 


429  Monthly  ditcher**,  Malta  Wall*  River  near  Milton, 
Oregon 


Figure  430  Monthly  ditchorge,  Walla  Walla  River  near  Touchet, 

Washington 


1970  Conditions 


, 1 1 1 

Annuol  Mo  on  Dltchargo,  c to. 

Moximum  months 

1,199 

Maximum  yoor 

798 

20  porcont  of  timo 

719 

Moon  montho 

489 

80  poreont  of  timo 

272 

Minimum  yoor 

286 

Minimum  montho 

112 

Poriod:  1929-1958 
'1970  Condition* 
Dromogo  oroo:  2,290 


Annuol  Moon  Discharge,  c f s. 
Maximum  month*  1,328 
Maximum  yoor  913 

20  porcont  of  timo  862 
Moon  months  420 

80  porcont  of  timo  176 
Minimum  yoor  198 

Minimum  month*  48 


MONTHS 

Figure  431  Monthly  dieeherge,  Umatilla  Rhar  at 


MONTH* 

Flgurt  432  Monthly  dltehorgo,  Umatilla  Rhrtr  n**r  Umatilla, 


I — 1 — 

1 

1 — 

Period  1929- 
-1970  Conditior 

Dromag*  area: 

1 1 

998 

• 

V 

_S SL. 

ML 

z 

// 

f/ 

Annuo!  M*on  Dischorg*,  c f • 
Mo  it  mum  month*  96.0 

Maximum  year  62.1 


ONOJPMAMJJAS 

MONTHS 

Figaro  433  Monthly  discharge,  Willow  Crook  «t  Hoppnor,  Oregon 


1 — 1 — 1 — 1 — 1 — 

Period  1929-1998 
-1970  Condition* 
Drainage  area.  1/401 
. J 1 LSflJ 

JiL-. 

i 

y 

2 

3 

3 

** 

z 

2 

Annual  Maan  Discharge,  cl* 
Moximum  month*  1,239 
Maximum  year  021 

20  percent  of  tim*  677 
Maan  months  690 

80  pareant  of  fima  2)0 
Minimum  yaor  124 

Minimum  month*  81 


0HDJFMAMJJA1 

MONTHS 

4*  Monthly  ditchorgo.  John  Dty  River  at  Picture  Gorge 
near  Dayvilte.  Oregon 


PorloO:  1929-1998 
'1970  Condition* 
Oromog*  araa:  2,920 
I I 1*6-  I Ml. 


Annual  Maan  Discharge,  cf* 
Maximum  months  3,174 
Maximum  year  2,216 

20  percent  of  tim*  1,799 
Maan  month*  1,217 

80  parcant  of  tim*  602 
Minimum  yaor  404 

Minimum  month*  233 


r T r~i 

Period  1929-1998 
-1970  Condition* 

Drainage  area:  9,010 

l I 1 90.  1 ML 

4 

x 

i 1 

T 

o 

1 

Y 

--Zs 

M A M J J A 9 
MONTHS 


flfurt  <06  Monthly  tltchtrgt,  Min  My  Rlvtr  «t  Strvlct  Crttk, 

Oman 

S 


f»*nod  1929-1958 
" 1970  Conditions 

Oromog*  oroo  7,3 80 


Annool  M*on  Dischorg*.  c f • 
Monmuifi  month*  3,176 
Manmum  ytor  3,669 

20  pore  *nt  of  tim*  2,809 
Mton  month*  1,923 

80  p*re«nf  of  fim*  982 
Minimum  . poor  630 

Minimum^X  • •«*•*•  340 


1.1 


in 


JMfM 

mmmaam 


pn 

IWllfl 

pull 
msm 

IKW\'MI 

■SS! 


1)57  Monthly  4ifchar«*t  John  (My  Slvor  at  McDonald 
A farcy.  (trojan 


Monthly  diochorso.Ooachutoo  Riwr  botow  Low 

|oU^  — 

tlMW  BRXII  | vlR^RI 


Annyol  Moon  Oil 
Macimwm  month* 


Di6Ch«r«t,  c f * I 


20  porcont  of  tim« 
Moon  month* 

9Q  porcont  of  timp 
Minimum  poor 


Annual  Moon  Discharge,  eft. 
Moiimum  months  2843 


PorioO  1929-1938  w v 

"1970  Condition*  Mosimom  months 

Droinoft  oroo  4380*0 mi  Mountain  poor 

20  pore  on  t of  timo 

Moon  month* 

— 90  poreont  of  timo 

Minimum  poo / 

Minimum  month* 


m 


mmi 


IMS! 


MONTHS 

MONTHS 

n«ur«  <t»  Monthly  dltchotfo,  OaoaSotoo  Rlwt  bo  low 

Bond.Orofan 

flfura  W)  Monthly  dltchorso,  CrsoSod  Rlwr  noor 
Cotwr , Orofon 

MEAN  DISCHARGE,  THOUSANO  CUBIC  FEET  PER  SECOND 


RECURRENCE  INTERVAL,  TEARS  RECURRENCE  INTERVAL,  YEARS 

Frequency  curves,  Deechutes  River  Bl  Bend  Figure  458  Frequency  curvet,  Crooked  River  Nr.  Culver 


MEAN  DISCHARGE, THOUSAND  CUBIC 


Figure  463  Frequency  curves,  White  Salmon  River  Nr.  Underwood 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 
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1970  Conditions 
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Duration  curvts,  Willow  Creek  at  Heppner,  Oregon 
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Figure  470  Durotion  curvet,  John  Day  River  at  Picture  Gorge, 
near  Dayville,  Oregon 


Period:  1929-1958 
1970  Conditions 

NOTE:  DRAINAGE  AREA  • 
2,530  SQUARE  MAES 

(MAXIMUM  MONTH 
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rANNUAL  FLOWS 
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Period:  1929-1958 
1970  Conditions 
NOTE:  DRAINAGE  A 

3,090  SQUARE  MILES 

(MAXIMUM  DAY 
26,800  C.F.S.) 
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Figure  471  Duration  curvet.  North  Fork  John  Day  River  at 
Monument  Oregon 


Figure  472  Durotion  curvet,  John  Day  River  at  Service  Creek, 


DISCHARGE , THOUSAND  CUBIC  FEE T PER  SECONO 


Figure  477  Duration  curvet,  Deichutet  River  at  Moody, Oregon  Figure  478  Duration  curvet,  CofcenOla  River  at 

The  Dal  lee,  Oregon  - Wothington 
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Figure  479  Duration  curvet,  KHekilat  River  near 
Rttt , WaoNngton 


Figure  'ISO  Duration  curvet,  Hoot  River  Unc  PPQLConOurt) 
or.  Hood  River , Oregon 
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Figur#  4©  Freq uency  curve  of  onnuol  peak  flows,  Umatilla  River  at  Pendleton.  Oregon  Figure  486  Frequency  curve  of  annual  peak  flowt,  Umatilla  River  nc  Umatilla.  Oregon 
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EXCEEDENCE  FREQUENCY  PER  HUNDRED  YEARS 


Figure  499  Frequency  curve  of  annual  peak  flows.  White  Salmon  River  nr.  Underwood 
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Table  267  - Dependable  Yield,  Willow  Creek  at  Heppner,  Oregon  Near  Dayville, 
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Table  271  - Dependable  Yield,  John  Day  River  at  Table  272  - Dependable  Yield,  Deschutes  River  Below 

McDonald  Ferry,  Oregon  Lava  Island,  Near  Bend,  Oregon 
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FIGURE  500  LONG  - TERM  VARIATION  IN  PRECIPITATION  AND  STREAMFLOW 


FIGURE  501  LONG  - TERM  VARIATION  IN  PRECIPITATION  AND  STREAMFLOW 
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ng  -Term  Variation,  Precipitation  and  Streamflow. 
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Figure  504  Long-Term  Variation, Precipitation  and  Streamflow. 
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Figure  508.  Stream  profile,  John  Day  River,  Figure  509.  Stream  profile,  Klickitat 

Oregon.  River,  Washington. 


Quality 


The  quality  of  water  in  Subregion  7 is  generally  good  with 
dissolved-solids  content  ranging  from  45  to  570  mg/1.  Detailed 
data  for  the  subregion  are  presented  on  the  following  pages. 


Chemical 


The  mineral  character  of  the  streams  in  the  Mid  Columbia 
Subregion  reflects  the  arid  climate  and  the  use  of  water  for  irri- 
gation. The  headwaters  of  most  of  these  streams  originate  in 
mountains  where  precipitation  ranges  from  20-50  inches.  However, 
most  of  their  length  lies  in  areas  where  precipitation  is  often 
less  than  15  inches  per  year.  In  the  upper  reaches,  the  streams 
contain  very  dilute  calcium  magnesium  bicarbonate  waters.  Natural 
solvent  action,  irrigation  return  flows,  and  sometimes  spring  inflow 
contribute  to  downstream  increases  in  mineralization  as  the  streams 
flow  through  t.he  arid  parts  of  the  basin.  Where  irrigation  return 
flows  are  significant,  sodium  content  usually  increases  relative  to 
calcium.  The  Walla  Walla,  John  Day,  and  Umatilla  Rivers  show  the 
greatest  range  in  dissolved-solids  content  (figure  510) . 

Irrigation  use  is  much  less  extensive  in  the  Klickitat  and 
White  Salmon  River  Basins.  Also,  they  flow  through  less  arid 
plateau  area  than  the  other  .streams  in  the  subregion.  Consequently, 
their  average  dissolved-solids  content  at  the  mouth  is  considerably 
less,  ranging  from  45  to  85  mg/1. 

Although  there  is  a considerable  difference  in  the  chemical 
quality  of  the  tributaries  to  the  Columbia  River  in  this  subregion, 
the  overall  variation  in  the  quality  of  the  river  is  slignt.  The 
average  flow  of  the  individual  tributary  streams  is  less  than 
3 percent  of  the  average  flow  of  the  Columbia  River  and  they  would 
have  to  carry  extremely  high  solute  loads  to  affect  its  mineral 
quality. 

The  Columbia  River  at  McNary  Dam  contains  a dilute  calcium 
magnesium  bicarbonate  water  with  an  average  dissolved-solids  con- 
centration of  109  mg/1.  At  The  Dalles  Dam,  downstream  from  all 
major  tributaries  which  enter  the  Columbia  River  in  this  subregion, 
the  average  dissolved-solids  concentration  is  114  mg/1. 

A study  of  the  chemical  quality  record  at  The  Dalles  Dam 
since  1950  reveals  no  short-term  trend  of  mineral  quality  change 
that  cannot  be  attributed  to  variation  in  discharge.  (137-51) 
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The  surface  waters  are  suitable  for  most  domestic  and 
industrial  uses  with  varying  degrees  of  treatment.  Many  streams, 
especially  the  Walla  Walla,  Crooked,  Umatilla,  and  John  Day  Rivers 
would  require  treatment  for  color,  turbidity,  and  silica  removal. 
The  streams  are  all  suitable  for  irrigation  use.  In  some  basins 
(Walla  Walla,  Umatilla)  salt  balance  problems  could  arise  if  water 
is  used  for  irrigation  in  areas  of  poor  drainage.  Although  the 
water  is  of  suitable  quality  for  irrigation,  high  ground-water 
levels  have  caused  salt  balance  problems  in  the  Hermiston-Stanfield 
area.  (137-17) 


Biological- Biochemical 

Dissolved  oxygen  levels  are  normally  satisfactory  and 
present  no  water  quality  problems  except  in  one  area.  In  the  Walla 
Walla  Basin,  seasonal  discharges  of  inadequately  treated  industrial 
wastes,  coupled  with  low  flows  resulting  from  irrigation  depletions, 
result  in  depletion  of  oxygen  levels  to  near  septic  conditions  in 
Mill  Creek  and  the  lower  Walla  Walla  River.  Below  the  treatment 
plant  and  downstream  near  Touchet,  coliform  levels  are  high,  render- 
ing the  stream  unsuitable  for  several  uses.  Coliform  values  up  to 
150,000  organisms/100  ml  have  been  recorded. 


Table  281.  Dissolved  Oxygen  and  Coliform  Organisms 
Densities,  Mid  Columbia  Subregion 

Location  Dissolved  Oxygen  Coliform  Organisms 


mg/1 /100  ml_ 


Mean 

Min 

Max 

Mean 

Min 

Max 

Touchet  R.  at  Dayton 

11.1 

9.1 

12.7 

72,281 

0 

460 ,000 

Walla  Walla  R.  nr.  Touchet 

10.6 

8.2 

14. S 

5,525 

230 

46 ,000 

Columbia  R.  at  McNary  Dam 

11.1 

8.6 

14. S 

826 

0 

15,000 

Umatilla  R.  at  Hwy  11 

10.4 

7.9 

13.2 

247 

13 

1,300 

Umatilla  R.  at  Reith 

10. S 

8.2 

13.7 

15,199 

450 

70,000 

Umatilla  R.  at  Yoakum 

11.6 

8.4 

14.3 

3,847 

240 

24,000 

Umatilla  R.  nr.  Umatilla 

11.8 

9.3 

16.0 

2,281 

60 

7,000 

John  Day  R.  nr.  John  Day 

9.9 

3.3 

13.1 

7,306 

600 

70,000 

John  Day  R.  nr.  Mount  Vernon 

10.1 

6.6 

13.2 

2,269 

45 

7,000 

John  Day  R.  nr.  McDonald  Ferry 

11.0 

7.2 

14.4 

253 

21 

700 

Deschutes  R.  above  Bend 

10.0 

8.S 

12.3 

44 

2 

240 

Deschutes  R.  below  Bend 

9.8 

8.3 

12.3 

123 

6 

700 

Deschutes  R.  at  Tumalo 

10. S 

8.7 

12.7 

179 

6 

2,400 

Deschutes  R.  at  Cline  Falls 

10. 5 

8.0 

13.0 

130 

5 

700 

Deschutes  R.  at  Lower  Bridge 

10.7 

8.0 

13.2 

120 

S 

700 

Deschutes  R.  nr.  Cove  S.P. 

10.7 

8.6 

12.5 

43 

6 

240 

Deschutes  R.  at  Warm  Springs 

11.3 

9.2 

13.2 

125 

2 

700 

Crooked  R.  E.  of  Terrebonne 

8.1 

7.1 

8.6 

490 

230 

620 

Metolius  R.  above  Spring  Creek 

11.0 

8.9 

12.7 

154 

130 

174 

Metolius  R.  above  Cove  Creek 

10.8 

10.3 

11.6 

20 

S 

62 
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High  bacterial  densities  have  been  found  below  other 
population  concentrations,  such  as  the  upper  reaches  of  the  John 
Day,  throughout  the  subregion.  High  counts  have  also  been  found 
on  occasion  in  unpopulated  areas,  indicating  that  soil  bacteria 
and  animal  populations  can  have  a decided  effect  on  the  indicated 
levels  of  coliform  bacteria. 

The  information  shown  in  table  281  was  gathered  from  State 
sources  and  does  not  include  data  obtained  during  intensive  surveys 
of  problem  areas. 

Sediment 

Suspended-sediment  concentration  has  been  measured  at  many 
places  in  the  Mid  Columbia  Subregion.  Early  data  collected  in 
1910-12  are  published.  More  data  (unpublished)  were  obtained  in 
the  Walla  Walla,  Umatilla,  John  Day,  and  Deschutes  River  Basins 
during  the  period  1950-61.  Since  1962,  suspended-sediment  data 
have  been  obtained  on  a continuous  basis  in  the  John  Day  and 
Umatilla  Basins  and  occasionally  at  many  other  sites.  Figure  511 
shows  maximum  observed  concentrations  on  several  streams,  the 
greatest  being  316,000  mg/1  on  Dry  Creek,  a tributary  to  the  Walla 
Walla  River.  The  highest  concentrations  observed  generally  occurred 
during  the  great  flood  of  December  1964;  however,  sediment  concen- 
tration is  high  during  any  flood  period.  In  December  1964,  some 
of  the  small  streams  in  northcentral  Oregon  had  peak  concentrations 
of  135,000  mg/1  or  higher  and  had  sufficient  water  discharge  to 
transport  exceptionally  large  amounts  of  sediment.  (204) 

The  John  Day  River  will  serve  as  a good  example  to  show  the 
sediment  transport  capability  of  a large  stream.  This  river,  which 
had  a maximum  observed  concentration  of  106,000  mg/1  during  the 
December  1964  flood,  transported  9.2  million  tons  of  suspended 
sediment  during  the  flood  period  December  21-31.  This  was  more  than 
eight  times  the  amount  discharged  during  the  entire  1963  water  year 
and  is  generally  considered  to  have  been  the  maximum  sediment  dis- 
charge in  recent  years.  The  suspended- sediment  yield  for  the  flood 
period  was  1,220  tons  per  square  mile.  (204) 

Figure  511  also  shows  generalized  sediment  yield  for  the 
Mid  Columbia  Subregion.  (30)  The  yields,  which  range  between  0.02 
and  4.0  acre-feet  per  square  mile  per  year  were  based  on  scattered 
reservoir  sedimentation  data,  and  suspended- sediment  data  collected 
prior  to  1953.  Studies  of  these  data  show  that  the  largest  sediment 
source  is  sheet  erosion  on  upland  agricultural  land.  Studies  of 
soil  loss  in  the  northwestern  states  indicate  that  the  agricultural 
belt  in  the  Walla  Walla  watershed  has  the  highest  erosion  rates, 
the  agricultural  area  of  the  northern  counties  in  Oregon  more  mod- 
erate rates,  and  the  mountainous  range  and  forested  land  have  lower 
rates . 
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Figure  512.  Water  temperature  profiles  for  July,  Mid-Columbia  River,  1944-1965 


TEMP°F  MEAN  piucp 
TRIBUTARY  * FLOW  R'VER 

Moi[Megrj  Min  CF?5  MILE 


Figure  513.  Water  temperature  profiles  for  July,  Deschutes  River  Basin,  1952-62. 
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Figure  514.  Water  temperature  profiles  for  August,  Deschutes  River  Basin, 
1952-62. 


MONTHS 

Figure  515.  Monthly  water  temperatures,  Mid-Columbia  River. 
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Sufficient  water  temperature  data  have  been  collected  to 
construct  profiles  for  the  Columbia  and  Deschutes  Rivers.  Figure  512 
shows  maximum,  minimum,  and  mean  temperature  profiles  for  the  Mid 
Columbia  River.  Figures  513  and  514  show  the  profiles  for  July  and 
August,  respectively,  for  the  Deschutes  River.  In  addition  to  tem- 
perature versus  river  mile,  the  temperatures  are  given  for  entering 
tributaries,  and  discharges  are  noted.  The  cooling  effect  of  the 
tributaries  on  the  mainstem  is  clearly  evident  by  the  sharp  drops 
in  the  profile. 

Maximum  temperature  for  22  years  in  the  Columbia  River  from 
mile  350  to  mile  210  rose  from  65°F.  to  69  1/2°F.  and  cooled  to 
67°F.  by  mile  150  during  July.  The  range  from  minimum  to  maximum 
during  the  month  was  11  1/2°F. 

Maximum  temperature  for  11  years  from  mile  120  to  the  mouth 
in  the  Deschutes  River  varied  from  59°F.  to  71°F.  during  July,  and 
from  56°F.  to  69°F.  during  August.  The  range  from  minimum  to 
maximum  during  each  month  was  about  20°F. 

Monthly  temperatures  throughout  the  year  are  shown  for  three 
Columbia  River  stations  over  periods  of  12  to  29  years  on  figure  515. 
These  vary  from  a high  of  71°F.  in  August  to  a low  of  36°F.  in 
J anuary . 


GROUND  WATER 

Three  aquifer  units  are  capable  of  furnishing  moderately 
large  to  large  supplies  of  water  in  Subregion  7.  Two  of  these,  the 
alluvial  deposits  (Qal)  and  the  Miocene  volcanic  rocks  (Tmv) , 
including  basalt  of  the  Columbia  River  Group,  have  been  utilized 
extensively  for  ground-water  supplies.  The  third  unit,  late 
Tertiary  and  Quaternary  volcanic  rocks  (QTv) , crops  out  chiefly  in 
high  plateaus  or  mountainous  areas  and  has  been  utilized  much  less 
extensively.  Two  other  units,  the  Tertiary  sedimentary  deposits 
(Ts)  and  the  older  Tertiary  volcanic  and  associated  sedimentary 
rocks  (Tvs),  generally  yield  small  quantities  of  water  but  yield 
moderate  to  moderately  large  supplies  at  a few  places. 

Water  quality  usually  is  good  to  excellent.  Dissolved 
solids  rarely  exceed  500  mg/1. 

Several  reports  give  the  results  of  ground-water  investiga- 
tions which  have  Been  made  in  various  parts  of  the  subregion.  (52, 
101,  117,  129,  148,  178)  A few  additional  reports  include  some 
information  on  ground  water.  (108,  110,  112,  113,  141) 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Six  aquifer  units  have  been  delineated  in  the  subregion  and 
are  shown  on  figure  516.  West  of  the  121st  meridian  in  Oregon,  the 
boundaries  are  based  on  the  geologic  map  of  Oregon  (202) ; in 
Washington,  boundaries  are  based  on  the  geologic  map  of  Washington 
(54).  Various  other  maps  were  used  for  compilation  of  the  map  for 
that  part  of  Oregon  east  of  the  121st  meridian.  (7,  51,  52,  110, 

112,  186) 

The  alluvial  deposits  (Qal)  consist  chiefly  of  silt,  sand, 
and  gravel  deposited  in  stream  channels  and  on  flood  plains.  Also 
included  are  lake  deposits  of  various  types:  sand,  silt,  and  clay 

deposited  on  lake  bottoms;  gravel  and  sand  in  deltas;  beach  and 
bar  deposits  formed  at  the  margins  of  the  lakes.  Some  eolian  sand 
and  silt  may  also  be  included.  All  of  these  deposits  are  lenticular 
and  discontinuous.  In  most  valleys  and  basins  erosion  has  formed 
terraces  and  benches  in  the  alluvial  deposits.  The  medium  to  coarse 
sand  and  gravel  are  very  porous  and  permeable  and  yield  moderate  to 
very  large  quantities  of  water,  the  yields  being  related  to  the 
saturated  thickness  of  the  deposits.  Yields  of  100  to  1,000  gpm 
and  specific  capacities  of  5 to  50  gpm  per  foot  of  drawdown  are 
common . 

The  volcanic  rocks  of  Tertiary  and  Quaternary  age  (QTv)  are 
chiefly  basaltic  to  andesitic  flows,  tuff  and  tuff  breccia,  pumice 
and  scoria,  and  volcanic  ash.  They  occur  as  broad  domes,  cones, 
and  intracanyon  flows.  The  deposits  are  moderately  to  highly  porous 
and  permeable  and  are  capable  of  yielding  large  quantities  of  water. 
Where  50  to  100  feet  of  permeable  materials  are  saturated,  wells 
yield  1,000  to  several  thousand  gallons  a minute  with  a few  feet 
of  drawdown.  However,  at  some  places  the  water  table  is  many 
hundred  feet  below  the  land  surface,  which  increases  the  cost  of 
utilizing  the  water. 

The  sedimentary  strata  (Ts)  are  chiefly  Tertiary  (Miocene 
to  Pliocene)  age,  but  may  include  some  early  Pleistocene  deposits. 
They  are  chiefly  fine-grained  semiconsolidated  deposits  such  as 
siltstone,  mudstone,  tuff,  and  shale,  but  include  some  sandstone 
and  conglomerate  beds.  Generally,  the  deposits  occur  as  partly 
dissected  basin  fill  in  or  near  the  major  valleys.  The  fine- 
grained strata  commonly  yield  little  or  no  water,  but  the  sand  and 
gravel  yield  small  to  moderate  supplies.  Yields  of  100  to  200  gpm 
can  be  obtained  from  better  wells,  generally  with  large  drawdowns. 

t 

The  Tertiary  volcanic  rocks  (Tmv) , chiefly  Miocene,  include 
the  Columbia  River  Group  (Ter)  of  Subregions  2,  3,  and  6,  and 
similar  basalts  that  have  been  mapped  under  other  formational 
names.  The  basalt  forms  a great  sequence  of  flood-type  lavas  with 
a total  thickness  of  several  thousand  feet.  Permeable  zones  occur 
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at  and  adjacent  to  t ? contacts  between  successive  flows,  and 
moderate  to  large  yi. ids  are  obtained  where  several  interflow  zones 
are  penetrated.  Yields  of  better  wells  range  from  a few  hundred  to 
several  thousand  gallons  per  minute. 

The  older  volcanic  and  sedimentary  rocks  (Tvs)  include  a 
variety  of  rocks  ranging  in  age  from  Eocene  to  Miocene  (?) . They 
are  chiefly  silicic  volcanic  rocks  and  interbedded  sedimentary 
strata.  Consolidation,  cementation,  and  secondary  mineralization 
have  greatly  reduced  the  primary  porosity  and  permeability.  Some 
water  occurs  in  and  moves  through  joints  and  other  fractures.  At 
most  places  wells  in  this  unit  will  furnish  only  small  yields 
sufficient  for  domestic  and  stock  use.  Where  coarser-grained 
phases  are  encountered  or  at  places  where  fracturing  is  great, 
moderate  yields  may  be  obtained. 

All  pre-Tertiary  rocks  (pT)  are  grouped  into  one  aquifer 
unit.  A great  variety  of  sedimentary  and  volcanic  rocks,  plus  a 
few  areas  of  intrusive  igneous  rocks  such  as  granodiorite,  diorite, 
and  gabbro,  are  included.  Most  of  the  sedimentary  and  volcanic 
rocks  have  been  strongly  folded  and  some  strata  have  been  slightly 
to  greatly  metamorphosed.  The  common  characteristic  of  the  pre- 
Tertiary  rocks  is  that  they  are  compact,  relatively  hard,  and  have 
low  porosity  and  permeability  but,  generally,  they  have  a moderately 
deep-weathered  soil  and  subsoil  that  is  considerably  more  porous  and 
permeable  than  the  underlying  rock.  Yields  of  most  drilled  wells 
are  small  but  many  small  springs  discharge  from  the  overburden,  and 
shallow  dug  wells  generally  yield  supplies  adequate  for  domestic 
and  stock  use.  The  chief  hydrologic  importance  of  the  unit  is  to 
supply  water,  from  fairly  short-term  storage,  that  maintains  the 
base  flow  of  streams. 

Brief  descriptions  of  the  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  quality  of  the  water  yielded 
by  them  are  given  in  table  282.  The  general  availability  of  ground 
water  is  shown  on  a map,  figure  517.  For  maximum  usefulness  that 
map,  and  the  aquifer-unit  map,  figure  516,  should  be  used  together. 

Because  of  lack  of  data,  some  areas  underlain  by  volcanic 
rocks  (Tmv)  and  sedimentary  rocks  (Ts)  are  shown  as  "unknown"  on 
figure  517.  Probably  at  many  places  wells  would  furnish  moderate 
to  moderately  large  yields.  Much  of  the  area  of  the  younger 
volcanic  rocks  (QTv)  also  is  shown  as  "unknown"  but  probably  would 
furnish  moderately  large  to  large  yields  at  many  places  where  the 
depth  to  water  is  not  too  great  to  make  it  uneconomical. 
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Table  212  • Description  of  Aquifer  Units  and  Their  Hydrologic  Characteristics,  Subregion 
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Water  in  Storage 

A rough  estimate  of  the  quantity  of  water  stored  in  each 
aquifer  unit,  in  a specified  depth  interval  below  the  water  table, 
is  given  in  table  283.  A depth  interval  of  50  feet  was  used  for 
the  pre-Tertiary  rocks  (pT)  and  the  older  volcanic  and  sedimentary 
rocks  (Tvs)  because  they  underlie  mountainous,  largely  uninhabited 
areas  and  the  possibility  of  sufficient  ground-water  production  to 
lower  the  water  table  significantly  is  remote.  A depth  interval  of 
50  feet  was  used  for  the  alluvial  deposits  (Qal)  because  they  occur 
in  basins  and  valleys  where  recharge  opportunity  is  good  and  the 
deposits  generally  are  only  50  to  a few  hundred  feet  thick;  thus 
the  possibility  of  any  extensive  lowering  of  the  water  table  of 
more  than  50  feet  is  small.  The  three  other  aquifer  units  underlie 
extensive  upland  or  plateau  areas,  and  considerable  lowering  of  the 
water  table  could  occur  over  extensive  areas  so  a depth  interval  of 
100  feet  was  used  for  these  units. 

The  specific  yields  for  five  aquifer  units,  Qal,  QTv,  Ts, 

Tmv,  and  Tvs,  were  the  same  as  were  used  in  other  subregions.  For 
several  reasons  it  was  concluded  that  the  zone  of  saturation  within 
the  weathered  zone  on  the  pre-Tertiary  rocks  (pT)  is  thinner  than 
in  some  of  the  other  subregions,  and  a specific  yield  of  1 percent 
was  used  for  that  unit  in  Subregion  7.  Reasons  include  the 
following:  the  predominantly  sedimentary  strata  weather  less 

deeply  than  igneous  rocks;  a fairly  low  precipitation  (20-30  inches) 
and  rugged  terrain  combine  to  keep  the  water  table  at  a relatively 
lower  position  in  the  weathered  zone  so  that  the  average  specific 
yield  of  the  upper  50  feet  of  saturated  material  is  less. 


Table  283  - Storage,  Recharge,  and  Discharge  of  Ground  Water  in  Aquifer 

Units  in  Subregion  7 


Aquifer 

Unit 

Area 

Storage 

Annual 

Natural  Recharge 
and  Discharge 

Sq.  Mi. 

Acres 
(1000 's) 

Specific  Depth 
Yield  Used 

(percent)  (ft) 

Water 

(1000's 

ac-ft) 

Inches 

Over 

Area 

(1,000’s 

ac-ft) 

Qal 

1,425 

910 

20 

SO 

9,000 

6 

450 

QTv 

6,500 

4,150 

5 

100 

20,800 

24 

8,300 

Ts 

2,040 

1,370 

5 

100 

6,800 

3 

340 

Tmv 

13,465 

8,620 

1 

100 

8,600 

3 

2,150 

Tvs 

4,400 

2,820 

1 

so 

1,400 

3 

700 

pT 

1,200 

770 

1 

so 

385 

3 

190 

TOTAL 

29,000 

47,000 

12,000 

(rounded) 
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The  calculated  total  volume  of  water  stored  in  the 
specified  depth  interval  is  about  47  million  acre-feet  (table  283). 
About  38  million  acre-feet  are  contained  in  the  three  major  aquifer 
units . 


Natural  Recharge  and  Discharge 

Recharge  to  aquifers  is  derived  chiefly  from  precipitation 
within  the  subregion.  However,  a very  small  amount  of  recharge 
may  be  derived  by  seepage  from  irrigation-water  diversions  from 
the  Columbia  River.  Also,  the  ground-water  divide  may  not  exactly 
coincide  with  the  western  boundary  and  some  ground  water  may  cross 
beneath  the  crest  of  the  Cascade  Range  into  Subregion  7. 

Recharge  to  the  alluvial  deposits  is  only  partly  from 
direct  precipitation  on  the  aquifers.  A considerable  part  of  the 
recharge  is  influent  seepage  from  streams  and  seepage  from  irriga- 
tion diversions.  Most  of  the  area  underlain  by  these  deposits  is 
adjacent  to  major  streams  including  the  Columbia,  Walla  Walla, 
Umatilla,  John  Day,  and  Crooked  Rivers,  and  discharge  from  aquifers 
is  into  these  rivers.  Most  of  these  areas  are  arid  to  semiarid, 
and  recharge  from  precipitation  is  low  in  comparison  with  more 
humid  areas.  Also,  extensive  areas  are  not  irrigated.  For  these 
reasons  a relatively  low  figure  of  6 inches  over  the  area  was  used 
for  average  annual  recharge . 

The  Tertiary  and  Quaternary  volcanic  rocks  (QTv)  crop  out 
along  the  eastern  slope  of  the  Cascade  Range  in  the  western  part 
of  the  subregion.  Annual  precipitation  on  their  area  of  outcrop 
ranges  from  about  10  to  130  inches  and  may  average  40  or  45  inches . 
There  is  very  little  direct -surface  runoff  from  the  area  underlain 
by  these  deposits;  most  of  the  precipitation  not  used  by  vegetation 
becomes  recharge.  Discharge  from  the  aquifer  is  into  such  streams 
as  the  Deschutes,  Metolius,  Crooked,  Warm  Springs,  White,  and 
Hood  Rivers. 

The  average  annual  ground-water  contribution  to  streams 
draining  the  Tertiary  and  Quaternary  volcanic  rocks  (QTv)  is  equiv- 
alent to  a range  of  about  1 to  5 feet  of  water  over  their  drainage 
areas.  A value  of  24  inches  was  used  for  average  annual  recharge 
to  and  discharge  from  the  QTv. 

The  Tertiary  volcanic  rocks  (Tmv)  crop  out  chiefly  in  uplands 
and  sloping  plateaus  in  the  north  half  of  the  subregion.  Annual 
precipitation  ranges  from  less  than  10  to  more  than  40  inches,  but 
over  most  of  the  area  it  is  less  than  25  inches.  Average  annual 
precipitation  over  the  area  of  outcrop  is  probably  between  15  and 
20  inches.  In  much  of  the  area  the  basalt  is  overlain  by  a few  to 
more  than  100  feet  of  Palouse  silt.  At  some  places  there  are 
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perched  aquifers  in  the  silt.  The  silt  is  very  porous  but  has  low 
permeability  and  its  most  important  functions  are  to  supply  effluent 
seepage  to  streams  and  to  accept  and  transmit  recharge  to  the  basalt, 
The  basalt  is  recharged  by  precipitation  and  snowmelt  directly  on 
the  area  of  outcrop,  especially  where  erosion  has  exposed  interflow 
zones,  by  downward  seepage  through  the  silt,  and  by  influent  seepage 
from  streams  that  are  above  the  water  table.  For  the  most  part, 
recharge  is  probably  directly  into  the  interflow  zones.  Because  the 
central  parts  of  individual  flows  are  dense  and  nearly  impermeable, 
recharge  perpendicular  to  the  flow  surface  is  negligible  except 
where  the  flow  is  broken  by  jointing  or  other  fracturing.  Recharge 
probably  is  greatly  restricted  in  broad  plateaus  where  basalt  flows 
are  parallel  to  the  land  surface. 

Hydrographs  and  flow-duration  curves  for  some  of  the  larger 
streams  draining  the  basalt  in  semiarid  to  subhumid  areas  flanking 
the  Blue  Mountains  suggest  that  ground-water  discharge  from  the 
basalt  and  overlying  Palouse  silt  to  those  streams  is  equivalent 
to  a range  of  1 to  10  inches  of  recharge  over  the  drainage  area 
annually.  Recharge  to  the  basalt  in  the  arid  parts  of  the  subregion 
probably  is  less  than  1 inch  a year.  An  average  value  of  3 inches 
was  used  for  estimating  annual  natural  recharge  to,  and  discharge 
from,  the  basalt. 

The  pre-Tertiary  (pT)  and  the  older  volcanic  and  sedimentary 
rocks  (Tvs)  underlie  large  areas  in  the  Ochoco  and  Blue  Mountains 
where  precipitation  generally  is  20  to  30  inches  a year.  Many 
perennial  springs  discharge  from  the  fractured  and  weathered  rock 
and  subsoil,  and  effluent  ground  water  discharges  into  the  valleys 
throughout  the  year.  In  some  of  the  smaller  valleys,  evapotranspi- 
ration  by  phreatophytes  along  the  valley  bottoms  may  be  sufficient 
to  use  all  the  ground  water  reaching  the  valleys  so  that  there  is 
no  flow  in  the  creeks.  Recharge  to  and  discharge  from  these  rocks 
was  given  an  annual  value  of  3 inches  for  each  unit. 

Hydrographs  in  figure  518  show  water  level  fluctuations  in 
representative  wells.  Low-flow  characteristics  of  selected  streams 
are  shown  in  figure  519. 

The  total  annual  natural  recharge  to  and  discharge  from 
aquifers  is  about  12  million  acre-feet,  according  to  table  283.  A 
considerable  part  of  the  ground  water  that  becomes  recharge  to  the 
alluvium  has  already  been  through  the  ground-water  surface-water 
cycle  within  the  subregion.  Some  recharge  to  the  basalt  may  also 
have  been  through  the  cycle.  Net  recharge  to  and  discharge  from 
aquifers  in  the  subregion  probably  is  10  or  11  million  acre-feet 
a year. 
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About  90  percent  of  the  ground-water  discharge  is  from  the 
three  major  aquifers  (Qal,  QTv,  Tmv)  and  nearly  70  percent  of  this 
is  from  the  younger  volcanic  rocks  (QTv).  The  reason  for  the  latter 
unit  receiving  such  a large  part  of  the  iecharge  is  that  not  only 
is  it  moderately  porous  and  highly  permeable,  but  also  it  crops 
out  in  most  of  the  high  rainfall  area  on  the  east  slope  of  the 
Cascade  Range. 


Annual  Ground-Water  Withdrawal 

Ground-water  withdrawal  (table  284)  amounts  to  about  300,000 
acre-feet  a year.  A substantial  part,  perhaps  40,000  acre-feet,  is 
discharged  by  springs  in  the  alluvial  deposits  (Qal)  in  the  Walla 
Walla  Basin.  Most  of  the  remainder  is  obtained  from  wells  in  the 
alluvial  deposits  (Qal)  or  the  Tertiary  volcanic  rocks  (Tmv).  The 
present  ground-water  withdrawal,  300,000  acre-feet,  is  about  2.5  per- 
cent of  the  present  annual  recharge  and  discharge  of  ground  water  in 
the  subregion. 


Chemical  Quality  of  Water 

Water  from  the  alluvial  deposits  and  the  younger  volcanic 
rocks  generally  has  dissolved-solids  concentrations  of  less  than 
350  mg/1  and  is  moderately  hard  to  hard.  Boron  and  fluoride  con- 
centrations are  low  and  the  sodium  adsorption  ratio  usually  is  less, 
than  2.  Water  from  the  other  rock  units  (Ts,  Tmv,  Tvs,  and  pT)  has 
somewhat  greater  concentrations  of  dissolved  solids,  but  usually 
not  exceeding  500  mg/1.  The  water  is  moderately  hard  to  very  hard. 
The  sodium  adsorption  ratio  may  be  5 to  10  in  water  from  some  wells 
in  the  Tertiary  rocks  (Tmv)  and  volcanic  and  sedimentary  rocks  (Tvs). 
Boron  commonly  is  less  than  0.3  mg/1,  but  may  be  slightly  greater 
from  some  wells.  Fluoride  generally  is  less  than  1 mg/1,  but  ranges 
up  to  5 mg/1  from  a few  wells.  Water  temperatures  commonly  range 
from  45°F.  to  60°F.  but  water  from  deeper  wells  in  the  basalt  is 
warmer.  Temperatures  commonly  range  from  55°F.  to  75°F.  with 
temperatures  increasing  with  depth. 


Present  Use  and  Future  Availability 

Estimates  (projected  to  1970)  of  ground-water  withdrawal 
and  consumptive  use  are  given  in  table  284.  Total  annual  ground- 
water  withdrawal  is  about  300  thousand  acre-feet  and  consumptive 
use  is  about  100  thousand  acre-feet.  About  two-thirds  of  the 
withdrawal  is  for  irrigation;  nearly  all  is  from  the  alluvial 
deposits  (Qal)  and  Tertiary  volcanic  rocks  (Tmv) . Much  of  the 
irrigation  with  ground  water  is  in  areas  underlain  by  alluvial 
deposits,  and  a large  part  of  the  water  not  used  consumptively 
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returns  to  the  aquifers,  chiefly  the  alluvial  deposits  (Qal) . 

Net  ground-water  withdrawal,  therefore,  probably  does  not  exceed 
150,000  acre-feet  and  amounts  to  about  1 to  1 1/2  percent  of  the 
average  annual  natural  recharge  to  aquifers.  However,  most  of  the 
withdrawal  is  from  aquifers  in  the  arid  parts  of  the  subregion, 
whereas  most  of  the  natural  recharge  and  discharge  occurs  in  the 
humid  areas,  particularly  on  the  eastern  slope  of  the  Cascade 
Range.  For  this  reason,  the  available  ground  water  in  some  areas 
may  not  be  sufficient  to  satisfy  all  future  needs. 

The  recharge,  discharge,  and  movement  of  ground  water  in 
the  basalt  is  greatly  complicated  by  numerous  intersecting  faults 
and  by  other  structures.  (100)  Not  only  do  faults  bound  many  of 
the  major  plateau  segments,  having  been  a determining  factor  in 
the  location  of  some  of  the  larger  streams,  but  they  also  separate 
the  plateau  segments  into  numerous  box-like  compartments.  Commonly, 
the  permeable  interflow  zones  are  interrupted  by  the  faults  through 
which  the  water  can  percolate  only  slowly.  Thus,  the  water  table 
may  slope  only  slightly  within  a compartment,  but  decline  hundreds 
of  feet  as  the  water  moves  through  the  fault  barrier  into  the  next 
compartment  downgradient . Because  the  land  surface  may  slope  more 
steeply  than  the  water  table  within  a particular  compartment,  a 
reach  of  the  stream  above  the  fault  barrier  may  lose  water  by 
influent  seepage  in  the  upgradient  part  of  the  compartment  but  gain 
effluent  seepage  in  the  downgradient  part.  Recharge  to  the  basalt 
thus  may  be  localized  by  faults  and  other  structures  and  the  move- 
ment of  ground  water  restricted  by  the  structures.  In  arid  parts 
of  the  subregion,  where  recharge  is  limited,  pumpage  from  wells  may 
cause  large  drawdowns  over  a limited  area  without  affecting  water 
levels  across  a structural  barrier  a few  miles  away.  Static  water 
levels  also  are  greatly  influenced  by  faults  and  other  structures; 
the  water  table  in  wells  a short  distance  apart  may  differ  by 
several  hundred  feet  because  the  wells  are  on  opposite  sides  of 
a fault.  Many  wells  in  the  basalt  on  the  north  flank  of  the  Blue 
Mountains,  from  Pendleton  through  Heppner  to  Condon,  flow  or  have 
static  levels  near  land  surface;  presumably  the  water  is  held  at 
high  level';  by  structural  controls.  In  contrast,  down  the  regional 
dip  to  the  north  and  at  much  lower  altitudes,  the  static  water 
level  in  many  wells  is  several  hundred  feet  below  land  surface. 

One  area,  The  Dalles  Critical  Ground-Water  Area,  has  been 
declared  a critical  area  by  the  Oregon  State  Engineer  because  of 
lowering  of  the  water  table.  The  Ordnance  and  Butter  Creek  Critical 
Ground-Water  Areas  in  Morrow  and  Umatilla  Counties  probably  will  be 
declared.  Also,  lowering  of  the  water  table  in  Walla  Walla  Valley 
is  presently  being  investigated.  These  areas  are  examples  of  the 
effects  of  a concentration  of  withdrawal  in  areas  where  recharge 
from  precipitation  is  small  and  structural  barriers  limit  lateral 
inflow. 
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Table  284  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  7,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 


Rural-Domestic 
Persons  served 
Withdrawal- 
Consumptive  use—' 

Stock 

Withdrawal  and  . 
consumptive  use—' 


Oregon 


Washington 


Total 


Irrigation 
Acres  irrigated 
Withdrawal 
Consumptive  use 

Industrial—^ 
Withdrawal  _/ 
Consumptive  use—' 

Public  Supplies 
Persons  served 
Withdrawal 
Consumptive  use^-' 


30.0 

120.0 

60.0 


48.0 
190.0 

95.0 


TOTAL  WITHDRAWAL  (rounded) 

TOTAL  CONSUMPTIVE  USE  (rounded) 


300.0 

100.0 


1/  Self-supplied  industrial. 

.2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
£/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 


» 


Artificial  Recharge 


Studies  of  the  feasibility  of  artificial  recharge  of  the 
basalt  of  the  Columbia  River  Group  (Tmv)  have  been  made  at  Walla 
Walla  (122)  and  at  The  Dalles  (33).  Both  studies  concluded  that 
artificial  recharge  of  the  basalt  was  feasible.  At  Walla  Walla, 
beginning  in  1957,  surplus  water  from  Mill  Creek  has  been  used  to 
recharge  the  basalt  during  a 3-  to  4-month  period  each  winter. 

The  water  is  injected  into  the  aquifer  through  one  of  the  City's 
production  wells  that  doubles  as  a recharge  well.  About  300  to 
350  acre-feet  of  water  is  injected  annually.  So  far  as  is  known, 
this  is  the  only  artificial  recharge  being  done  in  Subregion  7. 

The  alluvial  deposits  (Qal)  generally  are  suitable  for 
recharge  operations  by  water  spreading,  and  the  extensive  deposits 
in  the  Hermiston-Boardman  area  might  be  benefited  by  artificial 
recharge.  The  Tertiary  and  Quaternary  volcanic  rocks  (QTv)  also 
are  suitable  for  this  purpose;  however,  in  much  of  the  area  they 
already  receive  a large  amount  of  natural  recharge . In  areas  where 
precipitation  and  natural  recharge  are  much  less,  as  in  the  vicinity 
of,  and  east  of  Bend,  it  is  not  apparent  how  artificial  recharge 
would  be  of  benefit.  For  the  most  part,  the  water  table  is  many 
hundred  feet  below  land  surface,  and,  because  of  the  high  permeability 
of  the  aquifers,  artificial  recharge  would  generally  raise  the  water 
table  very  little.  At  the  present  time  pumpage  from  that  aquifer 
unit  is  small.  Detailed  studies  would  be  required  to  determine 
whether  there  are  areas  that  could  be  benefited  by  artificial 
recharge. 


Water  Rights 


Oregon 

In  the  Oregon  part  of  the  subregion,  consisting  of  the 
Deschutes,  Hood,  John  Day,  and  Umatilla  Basins,  primary  water  rights 
for  956  wells  are  on  file  with  the  State  Engineer's  Office  as  of 
March  1967.  Primary  rights  allow  withdrawal  of  296,883  acre-feet 
a year, of  which  114,509  acre-feet  is  for  irrigation  of  36,544  acres. 
The  maximum  rate  of  withdrawal  is  670  cfs  (301,000  gpm)  during  the 
irrigation  season.  Data  on  supplemental  water  rights  are  not  avail- 
able. Ground-water  rights  are  summarized,  by  major  use  category, 
in  table  285. 


Washington 

In  the  part  of  the  subregion  lying  within  the  State  of 
Washington,  essentially  Water  Resource  Inventory  Areas  29  through 
32  (figure  426) , a total  of  849  active  ground-water  right 
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appropriation  and  declaration  records,  in  permit  and  certificate 
stages,  were  on  file  with  the  Department  of  Water  Resources  as  of 
September  30,  1966.  Prime  rights  in  this  area  allow  summer-period 
consumptive  withdrawals  totaling  241,474  gpm  (538  cfs) . A total 
of  1,650  gpm  has  been  appropriated  under  supplemental  rights. 


Table  285  - Suamary  of  Ground-Hater  Rights,  Oregon  Part  of  Subregion  7,  1967 


Number 

Basin 

of 

No.  Nue 

Hells 

Domestic 

Municipal 

Industrial 

ion 

Other 

Total 

Uc-ft) 

(•c-ftl 

(•C-ft) 

(aTTt) 

(«c-ft) 

4 Hood 

113 

0 

18,843 

11,787 

4,224 

12,672 

0 

43,302 

5 Deschutes 

105 

0 

8,245 

21,171 

4,216 

12,648 

72 

42,136 

6 John  Day 

28 

0 

4.485 

14 

285 

854 

0 

5,353 

7 Umatilla 

710 

0 

77,388 

40,100 

27,819 

269 

206,092 

TOTAL 

956 

0 

108,961 

73,072 

36,544 

114,509 

341 

296,883 

Prime  water-right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are 
listed  in  table  286,  according  to  Water  Resource  Inventory  Areas 
as  defined  by  the  State  of  Washington,  Department  of  Water  Resources. 
(Regional  Summary)  More  detailed  information  about  specific  rights 
can  be  obtained  from  the  Department  of  Water  Resources. 


Table  286  - Summary  of  Ground-Hater  Rights,  Hashington  Part  of  Subregion  7,  1966 


8asin 

No.!/  River  Basin 

Municipal 

Irrigation 

Individual 
and  Community 
Domestic 

Industrial 

and 

Commercial 

IPQtSPI 

Stock 

Tota|i/ 

(Gal  Ions 

per  Minute) 

29  Hind  Hhite  Salmon 

. 

217 

740 

1,200 

2,000 

_ 

2,877 

30  Klickitat 

. 

6,685 

7,237 

740 

. 

380 

10,282 

31  Rock-Glade  Creek 

. 

12,174 

7,748 

54 

. 

2,603 

14,795 

32  Hal  la  Halla 

21,925 

173.434 

56,899 

19,538 

- 

22,602 

213,520 

TOTAL 

21,925 

192,510 

72,624 

21,532 

2,000 

25,585 

241,474 

\J  Hater  Resource  Inventory  Area  number  as  shown  in  figure  426. 

2/  Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (1)  only  the  more  important  use 
categories  are  listed  and  (2)  water  right  quantities  that  are  co«Mon  to  two  or  more  uses  are  listed  under 
each  applicable  use  category. 


RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

Because  of  the  great  differences  in  precipitation  and  in 
porosities  and  permeabilities  of  aquifers,  there  are  wide  differ- 
ences in  the  relations  between  surface  and  ground  water. 

On  the  east  slope  of  the  Cascade  Range,  annual  precipitation 
ranges  from  about  60  to  100  inches  at  the  crest  to  less  than  20 
inches  at  the  foot  of  the  mountains.  Practically  the  entire  area 
is  underlain  by  porous  Quaternary  and  Tertiary  volcanic  rocks  (QTv) 


628 


and  most  of  the  precipitation  sinks  into  this  aquifer  unit.  The 
major  trunk  stream,  the  Deschutes  River  and  its  tributaries,  is 
largely  fed  by  ground-water  effluent.  The  Metolius  River,  with  an 
average  discharge  of  1,483  cfs  (through  1966),  at  the  gage  near 
Grandview,  averages  about  97  percent  ground-water  effluent.  The 
annual  ground-water  component  of  discharge  is  equivalent  to  about 
60  inches  over  the  drainage  basin- -considerably  more  than  average 
precipitation  on  the  basin.  This  indicates  some  interbasin  diver- 
sion of  ground  water  into  the  drainage,  possibly  from  the  west  side 
of  the  Cascade  Range. 

Farther  east,  streams  heading  in  the  Blue  Mountains  drain 
terrain  underlain  by  basalt,  older  volcanic  and  sedimentary  rocks, 
and  pre-Tertiary  rocks  (Tmv,  Tvs,  and  pT) . These  aquifers  receive 
considerable  recharge  from  20  to  40  inches  of  precipitation,  and 
most  streams  receive  effluent  seepage  throughout  the  year.  To  the 
north,  precipitation  is  only  10  to  20  inches.  The  basalt  (Tmv) 
slopes  gently  northward  off  the  Blue  Mountains  and  small  streams 
originating  on  the  sloping  upland  are  intermittent  and  ephemeral, 
gaining  water  from  direct  precipitation  and  permanent  or  temporary 
perched  water  tables,  and  losing  water  to  the  regional  water  table. 
At  places,  some  of  the  streams  may  alternately  gain  or  lose  water 
as  they  cross  geologic  structures.  Only  the  major  trunk  streams 
are  incised  deeply  enough  to  intersect  the  regional  water  table  and 
receive  perennial  inflow  of  ground  water.  The  Columbia  River  is  the 
base  level  for  all  water;  both  surface  and  ground  water  drain  into 
it. 


f '■  • ' 


SUBREGION  8 


LOWER  COLUMBIA 


HYDROLOGIC  FRAMEWORK 

The  Lower  Columbia  Subregion  lies  within  the  State  of 
Washington,  except  for  a small  section  in  Oregon  downstream  from 
the  Willamette  River  and  bordering  the  Columbia  River.  The  area, 
encompassing  essentially  the  Cowlitz  and  Lewis  River  Basins,  is 
bounded  on  the  north  by  the  low  divide  of  the  Chehalis  River  Basin, 
on  the  east  by  the  Cascade  Range,  on  the  south  by  the  Columbia  River 
and  the  Clatskanie  River  Basin  Divide,  and  on  the  west  by  the  low 
Coast  Range.  The  subregion  covers  5,103  square  miles,  of  which 
115  square  miles  are  fresh  water  and  4,988  are  land,  the  total 
amounting  to  about  2 percent  of  the  regional  area.  Elevations  vary 
from  50  to  500  feet  above  sea  level  in  the  lower  valleys,  increasing 
to  2, 000, feet  along  the  eastern  slope  of  the  Coast  Range  and  4,000 
to  8,000  feet  along  the  western  slope  of  the  Cascades. 

Figure  2 shows  the  major  physiographic  features.  Located 
between  the  Coast  and  Cascade  Ranges,  the  subregion  is  characterized 
by  a structural  downwarping  of  the  rock  strata  west  of  the  Cascade 
Range  that  has  been  severed  by  the  .Columbia  River.  Tertiary  rocks 
and  associated  volcanics  rise  in  a series  of  low  folds  to  form  the 
Coast  Range.  Tertiary  rocks,  consisting  of  marine  shales  and  sand- 
stones, great  thicknesses  of  basaltic  lavas,  and  lesser  amounts  of 
volcanic  tuffs  and  tuff  breccias  form  the  floor  of  the  subregion 
from  the  Columbia  River  northward.  These  rocks  are  mantled  with 
alluvial  materials  through  which  rise  occasional  hills  of  more 
resistant  underlying  sedimentary  and  volcanic  rocks.  In  addition, 
flat-lying  beds  of  gravels,  sands,  and  clays  of  Quaternary  age  are 
present  on  terraces  along  many  of  the  valleys  in  this  area.  The 
Lewis,  Cowlitz,  and  tributary  rivers  rise  in  the  Cascade  Range. 

These  streams  occupy  superimposed  positions  in  old,  broad,  filled, 
and  glaciated  ancestral  valleys.  These  rivers  have  generally  cut 
down  below  the  floor  of  the  parent  valleys  and  now  flow  through 
rather  narrow  canyons  cut  into  tertiary  lavas,  pyroclastics , and 
sediments . 

Streams  originating  in  this  subregion  averaged  about 
67  inches  of  runoff  per  year,  or  24,970  cfs,  during  the  base  period 
1929-58.  The  maximum  was  about  1 1/2  times  and  the  minimum  a little 
over  1/2  the  average. 

The  two  principal  streams  in  this  area  are  the  Cowlitz  and 
Lewis  Rivers,  both  of  which  rise  in  the  Cascade  Range  and  flow 
southwesterly  to  their  confluences  with  the  Columbia  River. 
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The  Cowlitz  River  is  nearly  always  milky  in  appearance 
because  of  the  silt  associated  with  the  glaciers  of  Mount  Rainier 
and  Mount  St.  Helens.  The  Lewis  River  is  less  turbid  because  it 
drains  the  southeast  side  of  St.  Helens  and  only  part  of  the  west 
side  of  Mount  Adams.  The  glaciers  tend  to  regulate  streamflow  by 
accumulating  and  storing  precipitation  during  cold,  wet  years  and 
releasing  more  than  average  amounts  of  water  during  hot,  dry  years. 
Stream  gradients  for  the  Lewis  River  range  from  about  4 percent  in 
the  upper  reaches  to  a low  of  1/4  percent  at  its  mouth.  The  Lewis 
River  contributes  about  80  inches  of  runoff  per  year.  The  Cowlitz 
River  gradients  range  from  about  5 percent  in  the  upper  reaches  to 
about  1/5  percent  in  the  valley  areas.  The  river  contributes  about 
54  inches  of  runoff  per  year. 

The  region's  major  stream,  the  Columbia  River,  forms  the 
southern  boundary  of  most  of  the  subregion  and  receives  all  of  its 
runoff.  Smaller  streams  of  importance  include  the  Wind,  Washougal, 
Coweeman,  and  Toutle  Rivers  in  Washington  and  the  Clatskanie  River 
in  Oregon . 

This  subregion  is  heavily  forested,  Douglas-fir  being  the 
principal  growth  along  with  some  Western  Hemlock.  Farmlands  occupy 
the  Columbia  and  Cowlitz  River  Valleys,  with  most  of  this  area 
dryf armed.  The  irrigated  sections  are  along  a 20-mile  strip  of 
the  Cowlitz  River  near  the  mouth  of  the  Lewis  River  and  scattered 
areas  near  Vancouver.  Large  areas  of  irrigable  land  surround 
Vancouver  in  the  extreme  south  of  the  subregion. 

Vancouver,  the  largest  city,  had  a population  of  32,460  in 

1960. 


CLIMATE 

Terrain,  prevailing  direction  of  the  wind,  and  distance 
from  the  ocean  have  an  influence  on  the  climate.  The  Coast  Range 
protects  this  area  from  the  more  intense  winter  storms  moving 
inland  from  over  the  Pacific,  and  the  Cascades  shield  it  from  the 
higher  summer  and  lower  winter  temperatures  observed  in  eastern 
Washington.  The  narrow  Columbia  River  Gorge  through  the  Cascades 
permits  some  exchange  of  air  between  eastern  and  western  sections 
of  the  State.  The  direction  and  speed  of  the  air  movement  through 
the  gorge  are  determined  primarily  by  the  pressure  gradient  between 
the  eastern  and  western  slopes  of  the  mountains.  In  summer,  the 
flow  is  usually  from  west  to  east;  however,  due  to  the  unequal 
heating  on  the  two  sides  of  the  Cascades,  there  is  some  diurnal 
variation  in  the  direction.  In  winter,  the  prevailing  flow  is 
from  east  to  west  as  colder  air  drains  out  of  the  inland  basin  of 
eastern  Washington.  Winds  in  the  gorge  may  reach  gale  force  as 
the  more  intense  storms  approach  the  Washington  coast.  Most  of 
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the  air  masses  crossing  this  subregion  have  their  source  over  the 
ocean,  and  this  maritime  air  has  a moderating  influence  in  both 
winter  and  summer.  Occasionally,  dry  air  from  the  interior  of  the 
continent  reaches  western  Washington. 


Precipitation 

There  is  a well-defined  dry  season  in  summer  and  a rainy 
season  in  winter.  In  summer,  the  prevailing  flow  of  air  is  from  the 
west  or  northwest.  Cool  air  from  over  the  north  Pacific  becomes 
warmer  and  drier  as  it  moves  inland.  This  circulation  results  in  a 
dry  season  beginning  in  late  spring  and  reaching  a peak  in  midsummer. 
In  late  fall  and  winter,  the  prevailing  flow  of  air  is  from  the 
southwest.  This  maritime  air  is  moist  and  near  the  surface  tempera- 
ture of  the  ocean.  Orographic  lifting  and  cooling  of  the  air  as  it 
moves  inland  results  in  a rainy  season  beginning  in  the  fall,  reach- 
ing a peak  in  the  winter,  then  gradually  decreasing  in  spring. 
Approximately  50  percent  of  the  annual  precipitation  falls  in  the 
four  months,  October  through  January,  and  75  percent  in  the  period 
October  through  March.  Total  rainfall  for  the  two  months,  July  and 
August,  is  less  than  5 percent  of  the  annual.  During  the  wet  season, 
rainfall  is  usually  of  light  or  moderate  intensity  and  continuous 
rather  than  as  heavy  showers.  From  west  to  east,  annual  precipita- 
tion decreases  along  the  leeward  slope  of  the  Coast  Range  from 
90  inches  or  more  at  the  crest  to  50  inches  in  the  lower  river 
valleys,  then  increases  to  100  inches  or  more  in  the  wettest  areas 
along  the  windward  slope  of  the  Cascades.  Measurable  rainfall  is 
recorded  on  3 to  7 days  each  month  in  summer;  8 to  15  days  in  spring 
and  fall;  and  15  to  25  days  in  winter.  Table  287  and  figure  520 
show  precipitation  data  and  location  of  stations. 


Table  287.  Average  Monthly  and  Annual  Precipitation  (inches).  Lower  Columbia  Subregion,  1931-60 


Station 

Eleva- 

tion 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Oct. 

Nov. 

Dec. 

Annual 

Longview 

12 

5.81 

4.87 

4.85 

2.72 

2.30 

2.14 

.75 

1.26 

2.01 

4.40 

6.43 

7.56 

45.10 

Kid  Valley  1/ 

690 

7.01 

6.88 

6.40 

4.57 

3.30 

2.85 

1. 00 

1.59 

2.38 

5.62 

7.47 

8.56 

57.63 

Wind  River 

1,150 

16.  OS 

12.53 

11.49 

6.26 

3.74 

2.54 

1.01 

1.12 

2.96 

8.74 

14.68 

18.39 

99.51 

Bonneville  Dam  1 

/ 85 

10.87 

9.22 

8.28 

4.85 

3.73 

2.71 

.82 

1.10 

2.77 

7.52 

11.21 

12.40 

75.48 

Battle  l. round  l7 

295 

7.12 

5.23 

5.41 

3.30 

3.07 

2.60 

.63 

1.03 

2.35 

5.34 

7.60 

8.25 

51.93 

Kalama  S ENE 

900 

9.08 

6.99 

7.58 

4.35 

3.25 

2.73 

.93 

1.51 

2.54 

5.94 

8.S9 

10.48 

63.97 

T7  Period  is  longer  or  shorter  than  the  30-year  normal . 


Figure  520  is  an  isohyetal  map  of  mean  annual  precipitation 
prepared  by  the  Weather  Bureau  River  Forecast  Center,  Portland, 
Oregon,  using  climatological  data  (1930-57)  and  information  derived 
from  correlations  with  physiographic  factors. 
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In  the  lower  elevations,  snowfall  is  light  and  seldom 
remains  on  the  ground  longer  than  two  weeks  or  reaches  depths  in 
excess  of  10  to  15  inches.  Snowfall  increases  in  the  mountains 
with  the  snowline  in  midwinter  at  1,500  to  2,000  feet  above  sea 
level.  In  the  higher  mountains,  snow  can  be  expected  in  October 
and  to  remain  on  the  ground  until  June  or  July.  Above  8,000  feet, 
it  is  not  unusual  for  snow  to  fall  in  midsummer.  In  elevations 
between  2,500  and  4,000  feet,  winter  season  snowfall  is  from  150  to 
300  inches ; and  above  5 ,000  feet , 300  to  500  inches . 

Maximum  snow  depths  during  severe  winters  are  20  to  30  inches 
in  the  lower  elevations,  50  to  75  inches  at  2,000  feet,  150  inches 
to  200  inches  at  3,000  feet  and  200  to  300  inches  above  5,000  feet. 
The  terrain  and  exposure  of  an  area  have  decided  influences  on  the 
accumulation  of  snow.  Density  of  the  snow  pack  increases  from 
approximately  25  percent  water  equivalent  in  early  winter  to 
45  percent  in  April. 


Temperature 

During  the  summer  months,  afternoon  temperatures  in  the 
lower  elevations  range  from  70°  to  80°F.,  reaching  90°F.  on  5 to 
15  days  and  100°F.  in  one  out  of  four  summers.  Minimum  temperatures 
vary  from  45°  to  55°F.  In  the  mountains,  afternoon  temperatures  are 
in  the  60's  or  lower  70's  in  elevations  from  4,000  to  5,000  feet,  and 
nighttime  readings  are  in  the  40' s.  In  the  higher  mountains,  below- 
freezing  temperatures  are  not  unusual  in  midsummer.  The  highest 
temperatures  and  lowest  relative  humidities  are  recorded  when  air 
from  east  of  the  Cascades  reaches  this  area. 

During  the  winter,  maximum  temperatures  in  the  lower  valleys 
range  from  35°  to  45°  F.,  and  minimums  from  25°  to  35°F.  In  the 
mountains,  afternoon  temperatures  are  near  30° F.  and  minimums  20° F. 

In  general,  temperatures  can  be  expected  to  decrease  3°  to  4°F. 
with  each  1,000-foot  increase  in  elevation.  Below-fieezing  tempera- 
tures are  recorded  on  50  to  90  nights  in  the  lower  valleys  and  on 
most  nights  between  mid-October  and  mid-April  in  the  mountains. 

During  occasional  outbreaks  of  cold  air  from  the  interior  of  the 
continent,  minimum  temperatures  drop  to  near  or  slightly  below  zero. 
The  cold  outbreaks  are  usually  of  short  duration.  Table  288  and 
figure  520  show  temperature  data  and  location  of  weather  stations. 

In  the  agricultural  areas,  the  growing  season  varies  from 
approximately  140  days  in  the  colder  valleys  to  180  days  in  the 
warmest.  Average  date  of  the  last  32°F.  temperature  in  the  spring 
is  mid-April  in  the  warmer  areas  and  mid-May  in  the  colder  local- 
ities. In  fall,  the  average  date  of  the  first  32°F.  temperature 
varies  from  the  first  to  the  last  of  October.  However,  at 
Vancouver  the  growing  season  has  a duration  of  234  days.  The 


average  date  of  the  last  32  °F.  temperature  in  the  spring  is 
March  25,  and  in  the  fall  the  average  date  for  the  first  32°F. 
temperature  is  November  15. 


Table  288  - Average  and  Extreme  Temperatures  (*F) , Lower  Columbia  Subregion 


Station 

Data 

Jan . 

Feb. 

Mar. 

Apr. 

May 

June 

July 

*Ui- 

Sep. 

Oct. 

Nov. 

Dec . 

Annual 

Longview 

Av . Max . 

44.2 

49.5 

S4.6 

61.5 

67.6 

72.1 

77.7 

77.3 

72.8 

63.2 

52.4 

46.8 

61.6 

(35) 

Av.  Min. 

31 .6 

33.4 

35.5 

38.9 

43.0 

47.7 

50.3 

50.6 

48.2 

43.0 

36.8 

34.2 

41.1 

Mean 

38.1 

41.2 

44.6 

50.0 

55.3 

59.7 

64.1 

64.0 

60.7 

53.1 

44.5 

40.7 

51.3 

Highest 

6S 

68 

81 

89 

97 

100 

105 

10J 

204 

88 

77 

66 

105 

Lowest 

-20 

2 

19 

24 

27 

31 

32 

35 

29 

24 

8 

4 

-20 

Kid  Valley1-^ 

Av . Max . 

42.2 

46.4 

Sl.l 

59.5 

66.7 

69.6 

76.9 

75.2 

70.0 

58.8 

49.3 

44.6 

59.2 

(18) 

Av.  Min. 

29.4 

32.0 

33.0 

36.9 

41  .7 

46.2 

48.2 

48.7 

45.3 

40.5 

3S.0 

32.7 

39.1 

Mean 

35.8 

39.2 

42.0 

48.2 

54.2 

57.9 

62.6 

62.0 

57.7 

49.6 

42.1 

38.7 

49.2 

Highest 

63 

65 

74 

85 

92 

98 

103 

99 

90 

77 

6S 

62 

103 

Lowest 

-9 

-3 

13 

25 

27 

34 

36 

36 

32 

23 

4 

15 

-9 

Wind  River 

Av.  Max. 

38.5 

43.6 

SO. 7 

59.4 

66.9 

72.6 

80.5 

79.6 

72.7 

61.2 

48.1 

40.7 

59.5 

Av.  Min. 

25.3 

27.6 

30.3 

33.9 

39.4 

44.7 

47.3 

46.8 

42.7 

37.5 

32.1 

28.8 

36.4 

Mean 

32.0 

3S.5 

40.2 

46.6 

53.2 

58.1 

63.5 

62.5 

58.0 

49.4 

39.7 

35.0 

47.8 

Highest 

64 

67 

82 

92 

96 

100 

107 

103 

100 

89 

70 

63 

107 

Lowest 

-12 

-18 

3 

20 

20 

29 

33 

32 

25 

13 

-1 

-13 

-18 

Rattle  Ground-^ 

Av . Max . 

44.7 

50.3 

54 . 5 

61.2 

68.2 

71.8 

79.5 

78.9 

75.8 

64.4 

53.6 

47.6 

62.5 

(16) 

Av.  Min. 

29.9 

33.0 

33.9 

37.3 

41.6 

46.0 

47.3 

47.8 

44.4 

40.4 

35.1 

33.2 

39.2 

Mean 

37.4 

41.7 

44.2 

49.3 

54.9 

59. 0 

63.3 

63.3 

59.8 

52.4 

44.4 

40.5 

50  9 

Highest 

63 

68 

80 

91 

96 

100 

107 

103 

105 

93 

72 

64 

107 

Lowest 

-11 

-9 

16 

25 

26 

34 

36 

35 

26 

22 

4 

15 

-11 

1/  Period  is  longer  or  shorter  than  the  50-year  normal. 

Rote : The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record  through 

1960.  Numbers  under  station  names  denote  full  years  of  record  for  all  data. 


Wind 

The  strongest  winds  are  generally  from  the  south  or  south- 
west and  are  associated  with  the  more  intense  weather  systems  moving 
inland  during  the  fall  and  winter.  Occasionally  strong  southeast- 
erly winds  are  reported.  Maximum  wind  velocities  at  30  feet  above 
the  ground  can  be  expected  to  reach  50  to  60  mph  once  in  two  years; 
75  to  85  mph  once  in  50  years;  and  90  mph  or  greater  once  in 
100  years.  These  estimates  are  for  velocities  over  rather  level 
terrain.  Somewhat  greater  velocities  can  be  expected  on  exposed 
ridges . 


Evaporation 

Annual  evaporation  from  a Class  A pan  is  estimated  at 
30  to  35  inches  in  the  valleys.  Monthly  evaporation  amounts  are 
from  2 to  3 inches  in  spring  and  fall  and  5 to  7 inches  in  summer. 
Annual  loss  of  water  from  evaporation  of  lakes  and  reservoirs  is 
estimated  at  20  to  25  inches. 


Evapotranspiration 

The  potential  evapotranspiration  is  estimated  at  16  to 
18  inches  in  mountains  and  23  to  27  inches  annually  in  the  valleys. 


estimates  have  been  made  of  the  actual  evapotranspiration  which 
occurs  with  normal  precipitation  and  temperatures.  These  estimates 
indicate  actual  evapotranspiration  on  an  annual  basis  ranges  from 
15  to  20  inches. 


Storms 


Thunderstorms  are  reported  on  one  to  three  days  each  month 
from  March  through  October  and  have  occurred  in  all  months.  The 
average  number  of  thunderstorms  each  year  is  five  to  eight  in  the 
valleys  and  10  to  15  in  the  mountains. 

Rather  severe  ice  storms,  or  "silver  thaws"  as  they  are 
frequently  called,  occur  in  a narrow  area  westward  from  the  Columbia 
River  Gorge  to  the  vicinity  of  Vancouver.  These  ice  storms  are  the 
result  of  rain  falling  into  cold  air  as  it  moves  westward  through 
the  gorge  and  spreads  over  the  lowlands  along  the  river.  Infrequent 
hail  or  sleet  storms  occur  but  seldom  reach  destructive  proportions. 

Nearly  all  of  the  widespread  winter  precipitation  in  the 
subregion  is  produced  either  by  a family  of  mature  occlusions  or 
by  a quasi-stationary  front  with  active  minor  waves.  These  storms 
may  extend  many  hundreds  of  miles  to  the  north  or  south.  Tropical 
cyclones  are  extremely  rare. 


Humidity 

Relative  humidity  during  the  early  morning  hours  may  be 
near  100  percent  any  time  of  the  year.  The  4:00  a.m.  average  on 
a year-round  basis  is  between  85  percent  and  90  percent.  During 
the  warmer  part  of  the  day,  however,  there  is  a considerable 
variation  from  winter  to  summer.  The  4:00  p.m.  average  ranges  from 
80  percent  in  December  to  about  30  percent  in  July,  occasionally 
falling  to  less  than  20  percent. 


Sunshine 


The  number  of  clear  or  only  partly  cloudy  days  ranges  from 
four  to  seven  in  winter,  10  to  15  in  spring  and  fall,  and  20  or 
more  in  summer.  The  amount  of  sunshine  received  each  month  is 
approximately  20  percent  of  the  amount  possible  in  winter,  40  to 
50  percent  in  spring  and  fall,  and  65  percent  or  more  in  summer. 
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SURFACE  WATER 


The  rivers  of  the  Lower  Columbia  subregion  are  well  used, 
have  a large  supply  of  water  per  square  mile,  and  have  a generally 
good  quality.  The  runoff  is  primarily  from  winter  rainfall  with 
combinations  of  rain  and  melting  snow  in  the  spring.  Flood  flows 
are  regulated  considerably  by  reservoirs,  two  on  the  Cowlitz  and 
three  on  the  Lewis  River. 

Water  is  used  for  power  generation  at  the  Lake  Merwin,  Yale, 
and  Swift  Creek  reservoirs  on  the  Lewis  River,  at  the  Mayfield, 
Mossyrock  reservoirs  on  the  Cowlitz,  and  at  Packwood  Lake  on  Lake 
Creek . 


Irrigation  development  has  been  slow  and  by  private 
initiative.  The  need  for  widespread  development  has  not  been 
expressed  by  local  interest,  due  to  the  type  of  crops  grown  and 
extensive  areas  of  uncleared  land. 


Quantity 

Average  annual  -runoff  of  streams  originating  in  the  subregion 
totals  24,970  cfs  (18.1  million  acre-feet  annually).  This  averages 
4.9  cfs  per  square  mile,  the  highest  rate  of  any  subregion  in  the 
Columbia-North  Pacific  Region. 


Present  Utilization 

About  2.4  percent  of  the  originating  mean  discharge  was  with- 
drawn for  consumptive  uses  in  1965,  but  only  about  0.1  percent  was 
actually  consumed.  About  5 percent  of  the  water  withdrawn  for 
consuming  uses  (588  cfs)  is  for  municipal  supplies  (25  cfs  domestic 
and  2 cfs  industrial) . The  largest  user  is  self-supplied  industry 
(512  cfs).  Irrigation  (43  cfs)  is  a slightly  larger  user  than 
municipal  supplies,  but  it  is  the  major  consumer,  20  cfs  of  the 
total  of  31  cfs  consumed.  Thermal  power  generation  is  minimal  but 
will  be  a leading  product  when  the  nuclear  plant  planned  for  the 
lower  Columbia  River  is  completed.  A small  quantity  of  water  is 
used  to  generate  hydroelectric  power.  Navigation  of  all  forms 
takes  place  in  the  Columbia  River.  Recreation  is  a major  industry, 
particularly  in  the  Columbia  River,  but  also  on  the  power  reservoirs 
and  rivers.  Fish  and  wildlife  are  in  abundance  and  attract  sports- 
men and  commercial  enterprises.  Water  is  generally  abundant  for. 
the  transport  and  dilution  of  waste  except  in  the  Columbia  River 
where  bacterial  levels  and  slime  growths  constitute  a problem. 
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Stream  Management 

Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions, 
conservation,  legal  constraints,  etc.,  all  are  parts  of  the  water 
management  system. 


Impoundments  Reservoirs  having  a total  capacity  of  5,000 
acre- feet  or  more  are  listed  in  table  289.  Mossyrock  Dam  on  the 
Cowlitz  River  forms  the  largest  impoundment,  Davisson  Lake.  Swift 
Creek  Reservoir  is  the  largest  of  the  three  reservoirs  on  the  Lewis 
River.  The  table  includes  five  reservoirs,  two  on  the  Cowlitz  and 
three  on  the  Lewis.  Although  the  primary  functions  of  these 
impoundments  are  foT  power  or  water  supply,  considerable  flood 
control  is  provided  and  all  of  the  reservoirs  are  used  for 
recreation. 


Table  289  - Reservoirs  Having  a Total  Capacity  of  5,000  Acre-Feet  or  More,  Subregion  8 


Total 

Active 

Surface 

Storage 

Storage 

Area 

Naae 

Streaa 

(ac-ft) 

(ac-ft) 

(acres)  Purpose!.' 

Lake  Merwin 

Lewis  R. 

421,600 

246,000 

3.920 

P 

Mayfield 

Cowlitz  R. 

127,000 

21,380 

2,250 

P 

Davisson  Lake 

Cowlitz  R. 

1,586,000 

1,297,000 

- 

P 

Swift  No.  1 

Lewis  R. 

756,000 

447,000 

4,620 

P 

Yale 

Lewis  R. 

401,780 

189,530 

3,780 

MP 

1/  M-aunicipal, 

P-power 

The  impoundments  have  variable  short-term  effects  on  river 
discharge.  The  changes  in  discharge  due  to  power  loads  are  abrupt, 
and  on  weekends,  when  less  power  is  required,  flows  may  be  low. 
Municipal  water  is  supplied  during  the  summer  principally  to 
satisfy  lawn-watering  and  air-conditioning  needs.  On  the  other 
hand,  normal  reservoir  levels  are  retained  as  long  as  possible 
during  the  summer  and  early  fall  to  accommodate  the  recreationists. 

Diversions  Diversions  for  irrigation  in  this  subregion  are 
minor.  However,  there  is  appreciable  sprinkler  irrigation  from 
wells.  Other  diversions  are  made  for  municipal,  industrial,  and 
drainage  uses. 


Channel  Modification  Major  dredging  and  construction  of 
pile  dikes  are  performed  in  the  Columbia  River  for  construction  and 
maintenance  of  the  navigation  channel.  Some  levee  systems  for 
flood  protection  have  been  constructed  on  the  Cowlitz  and  Lewis 
Rivers  near  affected  towns. 
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Forecasting  Forecasting  is  used  in  flood  control  operations 
of  reservoirs,  flood  warning,  and  to  provide  a maximum  of  stored 
water  for  power  generation,  municipal  use,  and  irrigation,  consistent 
with  assured  refill. 

Forecasts  of  seasonal  quantities  of  water  available  for 
storage  are  made  using  snow  survey  data,  precipitation  data,  data 
on  antecedent  conditions,  and  other  parameters.  The  information  is 
processed  by  digital  computer  and  updated  each  month  as  new  data 
are  obtained. 


Constraints  There  are  no  interstate  compacts  or  inter- 
national treaties  that  are  concerned  with  runoff  in  the  Lower 
Columbia  Subregion.  The  1961  treaty  with  Canada  concerning  the 
Columbia  River  will  have  only  indirect  effects  on  the  subregion. 
However,  there  are  restrictions  involved  in  the  operation  of 
subregional  reservoirs . 

The  first  consideration  is  to  maintain,  as  nearly  as 
possible,  sufficient  minimum  flow  to  satisfy  prior  water  rights. 

The  second  requirement  is  the  flow  of  water  advocated  by  the  Fish 
and  Wildlife  Service  and  the  Washington  State  fish  and  game  author- 
ities as  adequate  for  the  normal  resident  fish  population  and  the 
anadromous  fish  runs. 


Water  Rights 

In  that  part  of  the  Lower  Columbia  Subregion  located  in  the 
State  of  Washington,  essentially  Water  Resource  Inventory  Areas 
25  through  28  (figure  521),  a total  of  1,187  active  surface-water 
appropriation  records,  in  permit  and  certificate  stages,  were  on 
file  with  the  Department  of  Water  Resources  on  April  30,  1967. 

Prime  rights  in  this  area  allow  summer  period  diversions  totaling 
44,100.72  cfs  of  which  consumptive  diversions  amount  to  470.80  cfs , 
partially  consumptive  diversions  are  allowed  for  920.85  cfs  and 
nonconsumptive  diversions  account  for  42,709.07  cfs.  A total  of 
53.35  cfs  has  been  appropriated  under  supplemental  rights. 

Reservoir  storage  rights  on  record  with  the  Department  of 
Water  Resources  permit  a total  of  2,898,741  acre-feet  to  be  retained 
in  storage  annually  in  the  Lower  Columbia  Subregion. 

Prime  water  right  quantities  for  the  more  important  use 
categories  and  total  actual  surface-water  right  quantities  are 
listed  in  table  290  according  to  Water  Resource  Inventory  Areas  as 
defined  by  the  State  of  Washington,  Department  of  Water  Resources. 
(Regional  Sumary)  More  detailed  information  about  specific  rights 
can  be  obtained  from  the  Department  of  Water  Resources. 
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Figure  521.  Water  resource  inventory  areas  defined  by  the  State 
of  Washington  Department  of  Water  Resources. 


Table  .’90  • Surface  Hater  Right*  in  the  Lower  Columbia  Subregion.  1967 


•asm 

No  I" 

Irrigation 

TnJ7v"5«luaT 

and  Community 
Domestic 

Industrial 

and 

Commercial 

Fish 

Propagation 

Stock 

Total— ^ 

Reservoir 
Storage  Rights 

- "(Cubic 

Feet  per  Second) 

(kc re -Feet ) 

3.10 

17.12 

3.  §7 

195.00 

125. IS 

0.22 

344  49 

164  80 

54.45 

11.22 

3*  23 

202.88 

0.92 

3331 3. 29  V 

2.00 

49.1* 

25.56 

63.56 

0.59 

9846.991'' 

1 1 80693-'' 

29 

Vancouver  Area 

4 . SO 

4S.93 

24.12 

122.23 

112.51 

0.44 

595. 95*' 

TOT/U 

174.40 

166  49 

62.77 

380.0* 

504.13 

2.17 

44100.72 

289*74 1 

1/  Hater  fcesource  Invent ory  Area  WuafceraT  «hown  in  figure  $21 . 

7/  Total  pnwe  right  quant  ities  do  not  agree  with  the  *«•  of  the  use*  becauae  (I)  only  the  more  important  u*e  categories  are 
listed  and  (2)  water  right  quantities  that  are  common  to  two  or  more  use*  are  listed  under  each  applicable  use  category. 
3/  Includes  12, *52  cfs  for  hydroelectric  power  generation. 

1/  Includes  20  07  cfs  for  heat  exchange. 

Z/  Includes  9675  00  cfs  for  hydroelectric  power  generation. 
if  Includes  312.20  cfs  for  hydroelectric  power  generation. 

Y/  Includes  127.000  acre  feet  in  lake  Mayfield  and  1.5*6,300  acre-feet  in  Mossyroch  pool 

1/  Includes  220,000  acre  feet  in  Lake  Menrtn.  220.000  acre-feet  in  Lake,  and  740,000  acre-feet  in  Swift  Reservoir 


# 
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Discharge 


A typical  Subregion  8 stream,  Lewis  River  at  Ariel, 
Washington,  shows  a base  period  (1929-58)  mean  discharge  equal  to 
99  percent  of  its  long-term  mean  (42  years,  1924-1965).  Weather 
records  show  that  precipitation  in  Castle  Rock,  Washington,  during 
the  base  period  was  100  percent  of  the  long-term  mean  (41  years, 
1925-65).  Thus,  the  selected  base  period  provides  reasonably 
average  data  for  statistical  analysis. 


Measurement  Facilities  Measurement  facilities  comprise 
primarily  the  gaging  stations  where  the  measurements  are  made. 
Table  291  summarizes  pertinent  streamflow  data  for  the  eight  sites 
selected  for  detailed  study.  Figure  523  shows  the  locations  of 
the  selected  sites,  with  Geological  Survey  identification  numbers. 


Table  291  - Streamflow  Steasary  for  Selected  Sites,  Subregion  8 


Stream 

Station 

Station 

Maher 

Gage 

Datum 

Drainage 

Area 

T,Vio3 — 
of 

Record 

Mean 

Annual  Flow!/ 
Max . 

Mjn. 

Momentary  Flowi/ 
Max.  Min. 

t*i  •'  ) 

fc m 

Lewis  River 

Ariel 

2205 

44.0 

731 

24 -.Si' 

4.752 

7,069 

3,090 

129,000 

1 

E.  Fk.  Lewis  River 

Heitson 

2225 

366.1 

125 

30-65 

741 

1.06S 

462 

15.600 

29 

Cowlitt  River 

Packwood 

2265 

1048.0 

287 

J0-6Si' 

1,623 

2.411 

923 

36,600 

130 

Cispus  River 

Randle 

2325 

1221.60 

321 

1,318 

1 .969 

766 

20,000 

183 

Tout le  River 

Silver  Lake 

2425 

407.3 

474 

1,923 

2,936 

1,182 

37,600 

240 

Cowlitt  River 

Castle  Rock 

2430 

20.20 

2,238 

28-65 

8,932 

12.484 

5,776 

139,000 

998 

E loch omen  River 

Cathlamrt 

2475 

29.66 

65.8 

41-65 

368 

516 

219 

8,530 

18 

Columbia  River 

Mouth 

1060 

- 

259 .000 

259.671 

556,562 

165,611 

1/  Regulated  values  for  base  period  (1929- SR)  with  estimated  1970  conditions  of  development . 
7/  Maxima  and  minima  observed  instantaneous  values  for  period  of  record. 

Z/  Denotes  other  short  periods  of  record  prior  to  dates  shown. 


Average  Discharge  Figure  522  presents  monthly  data  of 
discharge  generated  entirely  within  the  subregion.  These  flows  and 
the  Columbia  River  inflows  are  shown  in  table  292.  The  generated 
discharge  reaches  a maximum  in  December,  is  sustained  in  February 
by  rainfall,  and  again  in  May  by  snowmelt,  and  gradually  recedes  to 
a minimum  in  August  and  September.  Isopleths  showing  mean  annual 
runoff  for  the  period  1931-1960  are  shown  on  figure  523. 


Average  Discharge  for  Selected  Stations  In  this  section  of 
the  report  detailed  data  are  presented  for  each  of  the  selected 
sites  listed  in  table  291.  The  monthly  discharge  data  were 
originally  available  in  Geological  Survey  Water  Supply  Papers  1318  and 
1738,  compilations  of  surface-water  records  in  Part  14.  These  have 
been  changed  to  some  extent  and  are  presented  in  tables  293  to  300. 

The  modifications  consisted  of  application  of  irrigation  depletions, 
an  assumed  plan  of  reservoir  regulation  and  extension  of  records 
for  some  sites  by  correlation  with  nearby  stations.  Hydrographs 
for  several  conditions  of  flow  at  the  selected  sites  are  shown  on 
figures  524-531.  It  should  be  noted  that  the  supply  of  water 


indicated  by  the  monthly  discharge  hydrographs  is  not  necessarily 
available  for  development,  even  though  it  already  reflects  deple- 
tions and  storage  regulation.  Part  of  the  water  supply  may  be 
committed  to  downstream  uses. 

Explanations  of  the  hydrographs  and  the  succeeding  graphs 
are  given  in  the  Regional  Summary.  Examination  of  the  hydrographs 
indicates  that  the  streams  in  the  subregion  have  variable  runoff 
patterns;  i.e.,  a high  winter  peak  or  a late  spring  peak  in 
various  combinations. 

Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  532  to  539.  The  slopes  of  the  curves  of  high 
flows  are  moderate  for  the  Lewis  and  upper  Cowlitz  Rivers  and 
fairly  low  for  the  lower  Cowlitz.  The  low-flow  curve  slopes  are 
highest  for  the  Elochoman  River.  The  spread  of  the  high-flow 
curves  is  fairly  great  on  the  Elochoman  and  upper  Cowlitz  but 
moderate  for  the  main  Lewis  and  lower  Cowlitz.  The  spread  of  the 
low-flow  curves  is  great  for  the  East  Fork  Lewis  and  Elochoman 
Rivers . 


Duration  curves  for  three  flow  conditions,  daily,  monthly, 
and  annual,  are  presented  in  figures  540  to  547.  The  monthly  and 
annual  discharges  used  are  those  of  tables  293  to  300,  but  the 
daily  flows  are  observed  for  the  period  of  record  as  provided  in 
Geological  Survey  daily  summaries.  Slope  of  the  annual  curve  is 
slightly  higher  for  the  Lewis  River  than  for  the  Cowlitz.  Departure 
of  the  monthly  from  the  annual  curve  is  noticeably  higher  for  the 
Lewis  River. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
548  to  553.  The  curves  are  for  unregulated  conditions.  The  curve 
with  the  greatest  slope  is  that  for  the  Cowlitz  at  Packwood  (upper 
Cowlitz) . 

Dependable  yields  of  the  rivers  are  given  in  tables  301  to 
308.  Each  table  shows  the  lowest  mean  flows  for  from  one  to  10 
consecutive  years  in  the  30-year  base  period  and  their  relationship 
to  the  30-year  mean.  The  difference  between  any  two  flows  is  a 
measure  of  the  reservoir  storage  capacity  required  to  make  the 
higher  flow  available.  The  lowest  minimum-year  percentage  is  that 
for  the  upper  Cowlitz  (Packwood),  which  has  a flow  equal  to 
57  percent  of  the  1929-58  mean.  On  the  other  hand,  the  Lewis  River 
at  Ariel,  Washington,  has  a minimum-year  flow  equal  to  65  percent 
of  the  base-period  mean.  The  average  minimum-year  discharge  is 
60  percent  of  the  base-period  mean. 
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Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  in  figures  554  and  555.  The  annual 
means  for  the  base  period  and  for  the  entire  period  of  record  are 
shown.  Castle  Rock  is  the  station  presented  for  precipitation 
variation.  Although  the  annual  precipitation  for  a given  year 
varied  from  the  mean  by  as  much  as  39  percent,  the  5-year  moving 
average  varied  only  18  percent  at  the  most. 

The  5-year  moving  averages  are  presented  in  order  to 
indicate  trends  more  clearly.  However,  the  figures  do  not  indicate 
any  long-term  trend. 

The  annual  variations  in  streamflow  are  generally  small  and 
uniform  among  the  selected  sites.  The  maximum  annual  discharge  of 
all  streams  in  the  subregion  is  generally  about  2.3  times  the 
minimum  annual  discharge,  ranging  from  2.6  for  the  Cowlitz  at 
Packwood  to  1.9  for  the  Columbia  River. 

Annual  variations  in  flow  are  confirmed  by  the  slopes  of 
the  frequency  curves.  The  Elochoman  River  exhibits  generally  higher 
slopes,  indicating  wider  range  from  year  to  year. 

Seasonal  variations  in  runoff  are  shown  in  the  hydrographs 
of  figures  524  to  531.  Two  peaks  are  shown,  one  in  winter  and  due 
primarily  to  rainfall,  and  a smaller  peak  in  late  spring  due  to 
snowmelt.  The  spring  peak  for  the  East  Fork  Lewis  RiveT  appears 
much  earlier,  and  it  is  negligible  for  the  Elochoman  River. 


Streamflow  Travel  Times  No  information  is  available  on 
time-of-travel  in  Subregion  8.  However,  some  idea  of  the  time  for 
the  Columbia  River  may  be  obtained  by  comparison  with  studies  for 
Subregions  6 and  7,  and  for  smaller  streams  by  comparison  with 
studies  for  Subregions  9 and  10. 


River  Profiles  Profiles  for  the  Lewis  and  Cowlitz  Rivers 
are  shown  on  figures  556  and  557. 

(Narrative  continued  on  page  665) 
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MEAN  DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 
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Table  293 


Modified  Mean  Discharges,  in  CFS,  Levis  River  at  Ariel,  Washington 


Water 


Year 

1920 

Oct. 

Wov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

June 

July 

1790 

Aufc_ 

1070 

Sept. 

1028 

Annual 

1929 

3514 

7393 

4686 

6756 

3108 

6551 

2427 

2033 

2610 

1236 

1040 

899 

3521 

1930 

1994 

4273 

4526 

6076 

10836 

7655 

967 

651 

650 

650 

651 

650 

3298 

1931 

650 

5536 

2336 

8315 

6238 

8771 

4987 

651 

650 

651 

900 

1581 

3439 

1932 

4150 

7420 

8385 

8603 

7780 

9465 

8322 

650 

2240 

2550 

1360 

1134 

5172 

1933 

2614 

12427 

9091 

8099 

5822 

2420 

4069 

8520 

10600 

4420 

1810 

2413 

6042 

1931* 

6190 

5899 

26701 

16670 

4830 

7250 

4435 

2710 

1450 

1170 

980 

1013 

6608 

1935 

5464 

12692 

9676 

8335 

7583 

5425 

2873 

658 

4290 

2010 

1160 

1184 

5112 

1936 

2394 

5563 

3706 

12477 

7152 

8685 

4915 

650 

650 

753 

1280 

1064 

4107 

1937 

2084 

4263 

5516 

4966 

4058 

9757 

9257 

1929 

3770 

1718 

1640 

1089 

4171 

1936 

1552 

13327 

10946 

11235 

7334 

1627 

5383 

4646 

3440 

1660 

1170 

1118 

5287 

1939 

2544 

7333 

6066 

9082 

8285 

7941 

650 

650 

650 

652 

1140 

1064 

3838 

19*0 

2374 

4843 

8716 

6923 

10717 

8547 

686 

1443 

1295 

1198 

U89 

685 

4051 

1941 

2382 

7593 

5406 

8303 

5249 

3301 

650 

650 

1663 

720 

650 

650 

3101 

1942 

2569 

7818 

9760 

7492 

6288 

5104 

650 

650 

650 

654 

1220 

929 

3649 

1943 

2304 

11517 

9990 

6224 

6753 

1350 

2094 

5270 

4580 

2210 

1200 

1049 

5045 

1944 

3224 

6303 

4506 

7396 

5498 

5342 

787 

650 

720 

729 

650 

1273 

3090 

1945 

2316 

5694 

5384 

8993 

8297 

8748 

5460 

650 

650 

650 

650 

819 

4027 

1946 

2263 

9014 

9062 

10752 

8614 

1467 

2078 

7040 

5700 

3690 

1440 

1183 

5192 

1947 

3744 

10320 

13614 

7740 

8558 

1070 

5933 

5469 

3200 

2450 

1510 

1060 

1399 

5050 

1946 

7506 

9208 

7188 

8200 

7195 

1121 

8040 

5280 

1970 

1210 

1354 

5313 

1949 

3364 

8742 

7314 

5214 

7352 

2656 

2059 

9770 

4670 

2260 

1180 

1179 

4690 

1950 

3304 

9820 

8557 

7510 

9710 

6040 

8720 

7940 

8010 

3920 

1790 

1469 

6399 

1951 

62 &r 

10541 

11082 

8831 

8923 

4100 

6320 

6540 

3570 

1780 

1190 

1294 

5872 

1952 

7586 

8551 

8323 

4516 

8666 

1038 

4386 

6890 

3810 

2010 

1180 

1064 

4835 

1953 

1974 

4263 

3426 

15667 

12746 

2280 

4880 

4867 

5300 

2720 

1480 

1479 

5082 

1954 

3074 

9045 

11690 

8892 

9840 

1589 

6880 

6370 

6320 

3710 

1740 

1426 

5890 

1955 

3390 

8317 

6634 

6020 

7755 

3169 

8411 

650 

3199 

3990 

1760 

1739 

4586 

1956 

8184 

13191 

ll4o6 

10050 

5335 

5269 

8255 

9040 

6850 

3790 

1940 

1514 

7069 

1957 

4774 

8374 

9440 

4610 

7051 

2&72 

6166 

5720 

2790 

l44l 

1115 

961 

4610 

rtvj 

2J64 

n»i 

miam 

5300 

2860 

2010 

1180 

1190 

Tv  m 

Wean 

JEW- 

1 1 1 M 

wmi'M 

■JUI 

4472 

“1948 

1232 

1B6 

»752 

Table  294  - Observed  Mean  Discharges,  in  CFS,  East  Fork  Levis  River  near  Helsson,  Washington 


Water 

Year 

I55B 

Oct. 

Wov. 

Dec. 

Jan. 

Feb. 

Mar. 

iEEi 

*SL 

June 

& 

Annual 

1929 

475 

820 

1010 

780 

450 

975 

1080 

650 

410 

120 

80 

65 

576 

1930 

56 

55 

1010 

615 

2130 

731 

455 

557 

334 

109 

66 

60 

505 

1931 

145 

488 

437 

1030 

672 

1460 

1200 

198 

282 

lfcl 

63 

77 

515 

1932 

514 

1340 

1080 

1480 

1140 

2430 

1340 

542 

219 

95 

61 

50 

858 

1933 

191 

1800 

1740 

1780 

eer, 

1650 

949 

1250 

914 

203 

96 

365 

986 

1934 

925 

886 

3957 

2156 

424 

894 

541 

328 

113 

72 

49 

58 

876 

1935 

573 

1981 

1839 

1383 

834 

1045 

902 

440 

163 

99 

57 

48 

780 

1936 

74 

285 

622 

2184 

919 

1153 

710 

648 

592 

189 

82 

67 

620 

1937 

64 

54 

1279 

324 

1172 

1531 

1818 

657 

761 

195 

98 

116 

668 

1938 

295 

2180 

2222 

1402 

938 

1431 

1341 

473 

155 

70 

50 

46 

863 

1939 

156 

957 

1191 

1409 

1495 

1199 

551 

241 

352 

146 

67 

69 

648 

1940 

192 

257 

1532 

674 

2161 

1309 

819 

587 

117 

72 

47 

60 

648 

1941 

257 

851 

911 

1009 

471 

405 

312 

520 

276 

112 

103 

555 

482 

1942 

579 

834 

2067 

601 

1131 

6l4 

468 

770 

659 

237 

100 

60 

675 

1943 

145 

2252 

1918 

950 

1724 

1078 

1243 

527 

367 

149 

85 

53 

866 

1944 

337 

k21 

768 

608 

812 

695 

830 

408 

422 

119 

66 

84 

462 

1945 

95 

382 

556 

1446 

1413 

1289 

1105 

1068 

259 

95 

59 

162 

657 

1946 

127 

1523 

1312 

1486 

1325 

1334 

717 

407 

311 

248 

86 

69 

742 

1947 

511 

1709 

2294 

1241 

1262 

732 

976 

219 

379 

170 

83 

105 

803 

1948 

1104 

161$ 

1014 

l44l 

1332 

947 

1032 

996 

267 

126 

87 

143 

840 

1949 

355 

1407 

1812 

365 

1684 

1274 

839 

777 

169 

95 

60 

76 

736 

1950 

316 

1005 

1349 

1593 

2169 

1818 

1298 

708 

331 

119 

65 

64 

895 

1951 

801 

1884 

1808 

2101 

1531 

1000 

728 

452 

178 

81 

5e 

79 

888 

1952 

1318 

1027 

1664 

749 

1398 

973 

900 

523 

225 

145 

63 

47 

751 

1953 

1*0 

56 

663 

3460 

1532 

1036 

697 

778 

503 

138 

121 

82 

757 

1954 

254 

1155 

2390 

11U9 

1606 

1837 

817 

i2H 

325 

607 

266 

113 

102 

863 

1955 

299 

935 

953 

1115 

760 

950 

523 

292 

ll6 

120 

722 

1956 

1118 

2189 

2249 

1952 

801 

1921 

1196 

601 

375 

135 

127 

87 

1065 

1957 

632 

813 

1551 

450 

1229 

1613 

1037 

1286 

371 

247 

104 

75 

50 

678 

1958 

142 

564 

1888 

1495 

1693  643 

WEvm 

180 

110 

54 

73 

694 

Eb= 

□SSI 

JSf  Uff 

~w 

mi  t-n 

~w~ 

HT" 

78 

_10i_ 

w 
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Table  29S  - Observed  Mean  Discharges,  In  CVS,  Covllts  River  at  Packvood,  Washington 

Water 


Year 

1535 

Oct. 

Hoy. 

Dec. 

Jan. 

Feb. 

fcr. 

Apr. 

SSL 

June 

July 

6lo 

% 

Annual 

1929 

760 

990 

970 

710 

270 

950 

1630 

3370 

3170 

1560 

500 

340 

1275 

1930 

290 

201 

706 

512 

2230 

1180 

2300 

2150 

2140 

1120 

6l6 

431 

1150 

1931 

354 

599 

684 

1650 

1120 

1310 

1900 

3050 

i860 

860 

564 

301 

1200 

1932 

543 

1210 

1050 

1180 

1520 

2090 

2050 

3030 

3910 

2400 

929 

505 

1700 

1933 

646 

3390 

1580 

1440 

396 

796 

1460 

2560 

5180 

4260 

1690 

939 

2030 

1934 

2586 

1939 

6025 

3572 

1499 

3157 

2666 

2229 

1351 

858 

618 

J97 

2254 

1935 

1901 

3205 

1679 

1709 

1617 

954 

1172 

2968 

3904 

i860 

789 

600 

1862 

1936 

4U 

401 

603 

1318 

6l4 

1270 

2393 

4547 

3922 

1459 

752 

504 

1516 

1937 

405 

326 

913 

364 

396 

1081 

1884 

3204 

4898 

196’ 

757 

551 

1390 

1930 

601 

2708 

2002 

1606 

686 

930 

2572 

3319 

2879 

1159 

553 

451 

1625 

1939 

441 

8o4 

1601 

1384 

650 

U73 

2000 

3401 

2593 

1648 

759 

467 

1423 

1940 

400 

576 

2037 

11> 

1639 

1753 

1620 

2443 

1406 

772 

545 

397 

1227 

, 


1941 

499 

921 

1270 

971 

689 

011 

1160 

1590 

1130 

752 

522 

745 

923 

1942 

1092 

i4n 

2278 

761 

753 

700 

1482 

1976 

2506 

1309 

677 

425 

1290 

1943 

330 

2167 

1666 

1036 

944 

U 22 

2555 

2729 

3495 

2509 

006 

522 

1657 

1944 

435 

574 

1272 

758 

841 

939 

1200 

2071 

1802 

062 

504 

506 

907 

1945 

520 

773 

941 

1882 

1668 

054 

1045 

3340 

2243 

1214 

605 

753 

1310 

1946 

999 

1167 

1621 

1395 

902 

1154 

1948 

4232 

4054 

2770 

995 

569 

1029 

1947 

966 

1912 

3058 

1324 

1581 

1413 

2203 

3338 

2453 

1209 

674 

646 

1734 

1948 

2451 

2295 

1750 

1270 

mo 

974 

1249 

3337 

5041 

1044 

06o 

572 

1896 

1949 

933 

1192 

032 

479 

810 

1270 

2166 

5209 

4)86 

2750 

1027 

614 

1811 

1950 

1001 

3077 

1532 

1421 

1514 

1950 

1757 

2937 

4902 

3942 

1544 

700 

2191 

1951 

1905 

2966 

3429 

1462 

2499 

996 

2133 

3169 

2985 

1491 

657 

510 

2011 

1952 

1671 

1306 

1240 

1*87 

1207 

736 

2273 

3410 

2885 

1796 

730 

306 

1516 

1953 

327 

196 

319 

3651 

2009 

816 

1422 

2748 

2664 

2600 

1050 

597 

1575 

1954 

613 

1296 

2507 

1170 

1692 

U4l 

1625 

3367 

3022 

3699 

1470 

795 

1943 

1955 

894 

1822 

1105 

951 

950 

495 

1010 

2791 

5128 

3020 

1095 

648 

1660 

1956 

2683 

3533 

2716 

1475 

634 

931 

2456 

4571 

4524 

3451 

1204 

688 

2411 

1957 

960 

1355 

2919 

728 

1032 

1557 

1950 

3750 

2603 

1149 

630 

518 

I606 

19£0_ 

jag 

620 

1374 

1545 

1816 

026 

160J 

3874 

2717 

115j 

48? 

1430 

Jfcan 

BBtr 

175? 

1311 

119b 

T1T7" 

10 

3iyr 

33» 

597 

1593 

Mater 

Table 

296  - 

Observed 

Mean  Discharges,  in  CVS,  Clspus  River  war  Randle,  Washington 

Year 

1925 

Oct. 

Bov. 

Dec. 

Jan. 

Feb. 

Ifcr. 

Apr. 

June 

Annual 

1929 

520 

780 

880 

600 

360 

840 

1650 

2800 

2050 

090 

450 

305 

1010 

1930 

308 

265 

742 

551 

2140 

1100 

1920 

1540 

noo 

609 

394 

311 

930 

1931 

327 

398 

416 

1050 

1160 

1290 

2100 

I960 

967 

620 

413 

340 

919 

1932 

471 

908 

939 

1020 

995 

1940 

2l4o 

3140 

2680 

U6o 

554 

371 

1360 

1933 

453 

294o 

1580 

1320 

601 

1010 

1610 

2700 

2010 

S3 

6ll 

1670 

1797 

1403 

1934 

1248 

1497 

5567 

3759 

1517 

2273 

2004 

1390 

605 

306 

1935 

861 

2567 

1734 

1357 

14H 

913 

1263 

2665 

2229 

960 

532 

344 

1936 

266 

294 

454 

1253 

596 

1123 

2466 

3674 

2720 

955 

546 

391 

1230 

1937 

319 

262 

850 

396 

328 

1154 

2415 

3143 

3221 

1261 

529 

460 

1196 

1930 

*1* 

2062 

2317 

2025 

833 

1234 

2J78 

2964 

2021 

796 

470 

378 

1494 

1939 

374 

697 

1251 

1232 

754 

1300 

2105 

2456 

1559 

036 

448 

340 

1116 

1940 

306 

320 

1782 

1153 

1785 

1948 

1832 

1805 

040 

J01 

300 

331 

1081 

1941 

362 

671 

1248 

1001 

786 

044 

1021 

1331 

704 

505 

374 

485 

785 

1942 

786 

1091 

2581 

816 

902 

721 

1531 

1594 

1460 

793 

469 

349 

1093 

1943 

298 

1783 

1555 

1148 

1115 

1359 

3252 

2439 

2194 

1305 

647 

420 

1458 

1944 

449 

573 

804 

634 

779 

761 

1206 

1651 

1059 

537 

374 

369 

766 

1945 

331 

527 

702 

1145 

1435 

917 

U96 

2783 

1582 

7<T7 

*20 

393 

1009 

1946 

334 

976 

1693 

1712 

971 

1107 

1056 

3»72 

2073 

1649 

661 

431 

1522 

1947 

641 

1764 

3548 

1306 

2127 

1370 

1692 

1907 

1176 

680 

450 

409 

1419 

1948 

1579 

1896 

1424 

1465 

1052 

1007 

1413 

3175 

3455 

1097 

620 

502 

1558 

1949 

673 

1004 

913 

564 

981 

1453 

0220 

ss 

2458 

1191 

632 

484 

1407 

1950 

534 

1359 

U52 

1109 

1660 

2021 

1779 

3772 

1975 

796 

520 

1635 

1951 

1204 

2451 

2948 

1514 

2456 

976 

2030 

2745 

17  00 

075 

538 

407 

1655 

1952 

1135 

1300 

1523 

659 

1216 

041 

2152 

2656 

1724 

934 

510 

374 

1251 

1953 

209 

251 

350 

2693 

1773 

883 

1434 

2453 

2239 

1472 

646 

443 

1250 

1954 

486 

1038 

2299 

1370 

1906 

« 

1821 

2981 

2073 

2046 

918 

503 

1637 

1955 

619 

1227 

1073 

900 

999 

1196 

2128 

3521 

1590 

700 

470 

1251 

1956 

1418 

2586 

3043 

1608 

782 

1074 

2488 

4166 

3346 

1012 

761 

499 

1969 

1957 

623 

1003 

1006 

721 

1203 

1751 

1826 

2756 

1301 

663 

46l 

363 

1207 

mm 

BTfl 

543 

U.78 

1409 

1992 

990 

1700 

2736 

1496 

682 

475 

368 

1157 

(kaa_ 

see 

TSST 

•ggr 

ISZ 

-513 — 

**  1 

649 


» 


Table  297  - Observed  Mean  Dischargee,  In  CFS,  Toutle  River  near  Silver  Lake,  Washington 
Water 


Year 

1550 

Oct. 

Ifov. 

Dec. 

Jan. 

Feb. 

H*r. 

Apr. 

Use 

June 

July 

“520 

Aug.  Sept. 

Wt  tSt 

Annual 

1929 

1030 

2190 

2220 

1460 

980 

1670 

2020 

2100 

1540 

770 

430 

325 

1395 

1930 

368 

301 

2060 

1320 

4330 

2010 

i860 

1890 

1280 

558 

348 

308 

1370 

1931 

492 

864 

1070 

2380 

1890 

2590 

3570 

1420 

1150 

739 

372 

395 

1410 

1932 

1050 

2380 

2640 

3150 

2410 

4950 

3670 

2430 

2060 

1070 

553 

426 

2230 

1933 

703 

4890 

3980 

4050 

1850 

3450 

2280 

2740 

3740 

1810 

864 

1040 

2620 

1934 

1891 

2411 

12560 

6581 

2150 

2504 

1796 

1297 

731 

473 

377 

382 

2783 

1935 

l84o 

4683 

3892 

3988 

2669 

2240 

1967 

1&72 

1467 

863 

514 

457 

2201 

1936 

465 

786 

1223 

4708 

2288 

2676 

2173 

2641 

2559 

945 

494 

464 

1786 

1937 

450 

579 

2421 

1044 

1918 

2639 

4035 

2641 

2958 

1120 

565 

600 

1726 

1936 

653 

4307 

4518 

3889 

2062 

2615 

2767 

2151 

1308 

590 

402 

367 

2136 

1939 

576 

1729 

2612 

3067 

3307 

2605 

1885 

1485 

1380 

760 

411 

392 

1675 

191*0 

455 

388 

3092 

1736 

4556 

3347 

2396 

2092 

703 

444 

364 

407 

1673 

191*1 

556 

1443 

2109 

2119 

1312 

1129 

1045 

1481 

976 

506 

430 

1091 

1182 

19l*2 

1434 

1787 

4608 

1618 

2064 

1467 

1335 

I6c4 

191 1 

921 

501 

360 

1634 

19**3 

460 

4014 

3553 

2202 

3181 

2334 

3249 

1723 

1576 

942 

518 

4o 6 

2000 

1941* 

780 

1090 

2073 

1919 

1783 

1537 

1781 

1507 

1201 

520 

334 

463 

1247 

1945 

419 

1668 

1368 

2648 

3090 

2542 

2456 

3190 

1496 

723 

429 

700 

1718 

1946 

633 

3237 

3939 

4229 

3113 

2623 

2208 

2435 

2304 

1583 

590 

474 

2293 

1947 

1261 

3385 

6822 

3116 

3519 

1924 

2106 

1214 

1126 

634 

392 

501 

2160 

1946 

2362 

4387 

2756 

3505 

3185 

2323 

2595 

3444 

2300 

925 

662 

665 

2421 

1949 

1131 

2842 

3655 

1219 

3893 

2949 

2256 

3U7 

1500 

833 

497 

460 

2017 

1950 

910 

2453 

3102 

3949 

4834 

4855 

3225 

2517 

2711 

1387 

6l4 

486 

2573 

1951 

1929 

4084 

4583 

4189 

4379 

2215 

2271 

1950 

11&7 

596 

407 

414 

2338 

1952 

■2281 

2549 

3353 

1661 

3098 

1935 

2315 

2228 

1375 

816 

443 

362 

1864 

1953 

314 

369 

1219 

6657 

3526 

I&76 

1871 

2250 

1782 

1075 

581 

481 

1827 

1954 

958 

222b 

5641 

4098 

5000 

2325 

2605 

1895 

2346 

1478 

713 

634 

2478 

1955 

882 

2380 

2432 

2315 

2908 

1800 

3026 

2360 

2912 

1740 

689 

564 

1991 

1956 

2505 

5492 

6429 

4667 

1774 

3770 

3069 

2800 

2192 

1203 

672 

492 

2936 

1957 

1206 

1817 

3702 

1282 

2717 

3775 

2535 

2006 

1129 

557 

432 

333 

1794 

.*|7i 

US 

3520 

1736 

2841 

1693 

1204 

616 

417 

381 

1782 

icla 

-jLzb— 

Jac 

fiig 

5554 

^***0 

-jiaS 

HIT 

_566 

494 

~~W3 

Table  298  - Modified  Mean  Dischargee,  in  CFS,  Cowlitz  River  at  Castle  Rock,  Washington 

Water 


Year 

1928 

Oct. 

Wov. 

Dec. 

Jan. 

Feb. 

Mar. 

VSL 

June 

July 

“tgfo 

Aug. 

2kbl 

Sent. 

2560” 

Annual 

1929 

3769 

6065 

6190 

5326 

15519 

9347 

9547 

3718 

10219 

4657 

2431 

2431 

6601 

1930 

2681 

4599 

5295 

9199 

11096 

8305 

11442 

8122 

5806 

3381 

2421 

2414 

6237 

1931 

3137 

7310 

8082 

9451 

10253 

14690 

10662 

90  22 

6276 

3422 

3034 

4280 

7468 

1932 

4424 

17786 

16279 

16246 

12752 

16536 

4885 

4540 

9404 

6946 

3062 

3030 

9657 

1933 

5461 

19523 

29745 

20134 

11339 

7205 

6481 

10680 

15929 

8516 

4058 

4119 

11949 

1934 

9776 

I8066 

41094 

28454 

9023 

11896 

9940 

7526 

4623 

3373 

3253 

2784 

12484 

1935 

5914 

15916 

11843 

17810 

15562 

8003 

6200 

7570 

11371 

5515 

2534 

2846 

9223 

1936 

2456 

4694 

5879 

10530 

13946 

11319 

12937 

9175 

13800 

7907 

2510 

2614 

0164 

1937 

2595 

10510 

13494 

10254 

10634 

12066 

U572 

8793 

12150 

5660 

3051 

3466 

8687 

1938 

2957 

15894 

14871 

16416 

16770 

5745 

6988 

11500 

8731 

4l8l 

2555 

2557 

9097 

1939 

2939 

7418 

11833 

10794 

19301 

11637 

7541 

6004 

7044 

4o8l 

2449 

2497 

7795 

194o 

2858 

6600 

11411 

8600 

16372 

8865 

4748 

5656 

3724 

2503 

2495 

3093 

6U17 

1941 

3530 

7912 

12524 

7515 

12249 

5413 

3654 

3993 

4580 

3102 

2440 

2406 

5776 

1942 

2454 

12878 

17562 

7968 

15962 

7217 

6790 

3924 

6661 

4729 

2604 

2602 

7612 

1943 

2904 

13776 

13097 

9599 

14159 

4348 

10907 

9682 

9681 

6007 

2710 

2007 

8306 

1944 

2965 

6786 

6695 

8507 

14820 

8840 

7372 

5570 

3729 

2716 

2445 

3925 

6197 

1945 

2916 

11318 

13822 

15758 

13341 

15567 

12951 

4570 

4500 

3884 

2623 

2469 

8643 

1946 

3340 

12325 

19008 

11921 

17480 

4971 

6784 

14213 

11506 

7407 

3088 

2983 

9585 

1947 

7191 

17125 

21703 

13776 

16079 

5762 

9697 

12155 

8162 

3891 

2712 

2870 

10093 

1948 

9347 

17941 

14608 

10304 

15476 

6456 

7286 

16090 

14200 

5383 

2961 

3U29 

3326 

10281 

1949 

4795 

13220 

14675 

10085 

20424 

9550 

10810 

18160 

12190 

6791 

9145 

3262 

10615 

1950 

5865 

16763 

14615 

15292 

19975 

9683 

12569 

13414 

15502 

3847 

3190 

11655 

1951 

8776 

18557 

21040 

12425 

16869 

6710 

U790 

12402 

8108 

4243 

2572 

2441 

10494 

1952 

6680 

9415 

9335 

12055 

17868 

4835 

5584 

6242 

12746 

8646 

5018 

2672 

2556 

8239 

1953 

3252 

7093 

10470 

24512 

22778 

6178 

9634 

11401 

7893 

3431 

3307 

9627 

1954 

4019 

U396 

19482 

12625 

17468 

5279 

11474 

13947 

13430 

10004 

4332 

3608 

90?3 

1955 

6843 

16948 

14937 

17745 

14437 

8490 

11791 

5100 

17627 

9241 

3771 

3557 

10540 

1956 

9775 

20245 

21664 

11411 

8766 

8723 

14202 

16650 

12935 

7774 

3621 

3213 

11581 

1957 

5033 

9827 

17943 

9722 

16032 

5065 

12079 

11000 

7349 

3461 

2564 

2633 

8625 

W8_ 

mZEm 

7401 

13140 

14155 

19779 

4842 

8010 

12816 

7479 

5025 

2862 

2940 

8447 

ousl. 

"0434" 

man 

mwm 

mmm 

22?1,  - 

3014 

*S32 

650 


Table  299  - Observed  Mean  Discharges,  In  CFS,  Elochomn  River  near  Cathlaeet,  Washington 
Water 


Year 

1533 

Oct. 

WOVe 

Dec, 

Jan. 

Feb. 

Mar. 

*EEi 

June 

* 

Annual 

1929 

133 

250 

417 

320 

362 

435 

323 

165 

185 

55 

23 

16 

224 

1930 

19 

15 

441 

270 

865 

347 

256 

282 

126 

30 

18 

18 

224 

1931 

49 

245 

358 

909 

415 

910 

459 

76 

101 

48 

16 

50 

303 

1932 

355 

843 

801 

1012 

846 

916 

450 

112 

48 

32 

23 

16 

454 

1033 

81 

1048 

1108 

1289 

794 

an 

266 

327 

218 

44 

23 

105 

516 

193*» 

216 

366 

2469 

1326 

175 

396 

270 

206 

48 

30 

21 

39 

463 

1935 

436 

1099 

924 

1075 

447 

716 

2frr 

96 

46 

41 

18 

39 

435 

1936 

39 

165 

413 

1473 

692 

613 

216 

213 

306 

80 

27 

27 

347 

1937 

15 

12 

581 

330 

1091 

3J 1 

536 

227 

169 

60 

32 

34 

265 

1936 

135 

1359 

1208 

465 

575 

711 

290 

128 

4l 

21 

14 

11 

413 

1939 

55 

515 

550 

942 

1061 

439 

120 

50 

no 

44 

14 

11 

326 

19*0 

55 

95 

1039 

455 

1252 

662 

249 

350 

46 

23 

14 

16 

355 

19*11 

151 

343 

415 

563 

232 

186 

137 

207 

98 

49 

46 

194 

219 

19*12 

251 

485 

926 

326 

486 

324 

170 

175 

234 

112 

58 

36 

298 

19*13 

123 

990 

988 

389 

926 

367 

496 

168 

118 

59 

43 

31 

387 

I9W1 

105 

206 

563 

463 

417 

379 

357 

151 

108 

55 

38 

70 

242 

19*t5 

90 

347 

302 

756 

712 

765 

398 

199 

83 

44 

30 

78 

315 

1946 

65 

704 

898 

988 

980 

590 

402 

128 

103 

100 

44 

46 

417 

1947 

195 

792 

U28 

747 

730 

335 

308 

111 

112 

70 

43 

60 

384 

1946 

549 

704 

526 

732 

715 

488 

369 

406 

111 

57 

43 

73 

397 

1949 

176 

679 

1215 

237 

1160 

537 

211 

203 

70 

46 

34 

V 

379 

1950 

l4o 

682 

950 

691 

1331 

1146 

568 

208 

85 

52 

51 

40 

490 

1951 

4n 

818 

1032 

1053 

1299 

5*to 

245 

111 

56 

35 

25 

44 

467 

1952 

481 

492 

728 

479 

761 

475 

276 

113 

64 

42 

31 

25 

329 

1953 

234 

41* 

4o6 

1622 

805 

371 

275 

244 

138 

62 

47 

43 

359 

1954 

168 

571 

1202 

are 

1142 

415 

490 

112 

135 

so 

51 

80 

439 

1955 

147 

551 

565 

613 

569 

576 

628 

199 

99 

8? 

52 

57 

343 

1956 

482 

ll8l 

1250 

983 

357 

1072 

443 

117 

100 

53 

46 

49 

513 

1957 

378 

409 

948 

301 

670 

693#  J?4 

113 

86 

46 

41 

26 

341 

337 

,58 

35 

266 

lift 

73B 

332 

5**j 

157 

85 

42 

34 

54 

Mean 

_J2J_ 

m 

=2CZ 

rife- 

108 

— 57— 

Table  300  - Modified  Mean  Discharges,  in  CFS,  Col  iabia  River  at  Mouth,  Oregon -Washing ton 


Water 


Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Annual 

1928 

275843 

143159 

130407 

1929 

141790 

171370 

190610 

215610 

219610 

212900 

213570 

180900 

184300 

137100 

133740 

136160 

178137 

1930 

137940 

150070 

216560 

193500 

288770 

196730 

179200 

176400 

157600 

132600 

132100 

13227S 

174478 

1931 

139240 

158350 

175580 

204710 

192360 

229600 

154850 

173800 

162100 

136600 

132940 

127200 

16S611 

1932 

142240 

198190 

128960 

275110 

228760 

322500 

268300 

337500 

305400 

146800 

139300 

142S10 

219656 

1933 

154670 

227400 

262250 

320670 

325410 

319680 

256200 

368600 

460100 

265700 

176000 

16S3S0 

27S169 

1934 

188300 

228500 

472400 

417300 

249101 

450600 

38754S 

334700 

234300 

151300 

140600 

141275 

282993 

1935 

148940 

237500 

286160 

301870 

260200 

263080 

238585 

281700 

281600 

189400 

144200 

14004S 

231107 

1936 

145850 

164610 

185330 

345950 

221510 

237930 

232895 

337200 

250700 

142900 

137500 

138720 

2117S8 

1937 

141490 

159360 

193300 

187170 

243970 

246390 

290830 

216200 

208800 

148200 

142590 

141880 

193349 

1938 

146340 

257560 

296660 

319820 

273210 

347200 

307800 

362700 

303400 

234400 

140630 

1382S0 

260656 

1939 

145190. 

182410 

205550 

252140 

247700 

254400 

227395 

222900 

192200 

142700 

138900 

139215 

195891 

1940 

140250 

157490 

206910 

243070 

307230 

296485 

242395 

223600 

175295 

139300 

140640 

139250 

200993 

1941 

142240 

190520 

208805 

241690 

200005 

198700 

215050 

185300 

181300 

141500 

137240 

141900 

182021 

1942 

152000 

203800 

315400 

248090 

268200 

236390 

237625 

245400 

274400 

165000 

142200 

140185 

219057 

1943 

142910 

257430 

319820 

330960 

316695 

361100 

399695 

426900 

312100 

246300 

152100 

141060 

283922 

1944 

155820 

182300 

188450 

200250 

219245 

199510 

196900 

177500 

170300 

137500 

132640 

128030 

174037 

1945 

137390 

167480 

178720 

237340 

260790 

245030 

229325 

274400 

181900 

141800 

139140 

137490 

194234 

1946 

143480 

223710 

279080 

316600 

242590 

344800 

271350 

345700 

311300 

211302 

141100 

144695 

247975 

1947 

164450 

257350 

356800 

268970 

278000 

347S00 

302950' 

344100 

294500 

201000 

136999 

136350 

257414 

1948 

217700 

293000 

255400 

330100 

284400 

453230 

313450 

329000 

423100 

284100 

173100 

158645 

292935 

1949 

164480 

219700 

264990 

232430 

336740 

314890 

291250 

416700 

331800 

144500 

139400 

132935 

249143 

1950 

151320 

189560 

240940 

317620 

334500 

481500 

349750 

390400 

422300 

328500 

166300 

145820 

243211 

1951 

213300 

332200 

330030 

359800 

348600 

538000 

394400 

371000 

306100 

246595 

162100 

14249S 

312043 

1952 

209100 

238390 

30S820 

270080 

309405 

354202 

324550 

412600 

308600 

229595 

136500 

131100 

269162 

1953 

141730 

155090 

189140 

388000 

240200 

289505 

239300 

355245 

367300 

228400 

148700 

137420 

240002 

1954 

153910 

237050 

344380 

3305S0 

318800 

368400 

288700 

348700 

381800 

325505 

219600 

173855 

290938 

19S5 

176430 

222700 

242580 

270090 

23S320 
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120595 

259956 

Max. 
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150070 

128960 
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' si  my 

290184 

200425 
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Figure  r)2H  Monthly  discharge,  Toutle  River  near 
Silver  Ladd,  Washington 


Figure  *30  Monthly  dltchorgd,  Eloehoman  River  ndar 
Cathlomet , Washington 


Figure  529  Monthly  dischorge,  Cowliti  River  ot 
Cottle  Rock  , Washington 


Figure  531  Monthly  discharge,  Columblo  River  ot  Mouth 
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EXCEEDENCE  FREQUENCY  MR  HUMORED  YEARS 


Fi*ws  a Frsquonc y curvs  o*  annual  paak  flaws,  Citpus  Rivar  nr  RanOla  Figuro  51  Fraquancy  cur*a  of  annual  paak  flows,  Toulls  Rivar  Nr  Siluar  Laka 


Table  501.  Dependable  Yield,  Lewis  River  at  Ariel,  Nash.  Table  302.  Dependable  Yield,  East  Fork  Lewis  River  Near  Heisson 
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Table  JOS  - Dependable  Yield,  Toutle  River  Near  Silver  Lake,  Wn.  Table  306  - Dependable  Yield,  Cowlitz  River  at  Castle  Rock 
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CASTLE  ROCK.  WASHINGTON 


CASTLE  ROCK,  WASHINGTON 


Figure  555  Long-Term  Variation  in  Precipitation  and  Streamflow. 
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Quality 


The  quality  of  water  in  Subregion  8 is  generally  good. 
Detailed  data  are  presented  on  the  following  pages. 


Chemical 


The  major  tributaries  (Cowlitz  and  Lewis  Rivers)  to  the 
lower  Columbia  River  below  Bonneville  Dam  originate  on  the  west 
slopes  of  the  Cascade  Mountains.  Precipitation  ranges  from  more 
than  100  inches  in  the  headwater  regions  to  about  40  inches  in  the 
lower  sections.  Most  of  the  subregion  is  underlain  by  volcanic 
rocks  which  are  resistant  to  solution.  Consequently,  all  of  the 
streams  in  the  subregion  contain  very  dilute  solutes.  With  the 
exception  of  the  Columbia  River,  the  dissolved-solids  concentration 
of  the  water  of  most  streams  averages  less  than  50  mg/1,  and  the 
average  hardness  of  water  is  usually  less  than  20  mg/1.  Calcium 
and  bicarbonate  are  the  predominant  dissolved  ions.  Maximum 
dissolved-solids  content  is  usually  less  than  100  mg/1,  (figure  558) 

Below  the  Cowlitz  some  smaller  tributaries  drain  the  Coast 
Range.  The  water  of  these  tributaries  is  also  very  soft,  dilute 
calcium  bicarbonate  type. 

Water  use  in  this  basin  is  primarily  domestic.  Industrial 
or  irrigation  use  is  not  large  enough  to  affect  significantly  the 
mineral  quality  of  the  water. 

The  Columbia  River  shows  relatively  little  variation  in 
chemical  quality  in  the  reach  from  The  Dalles  Dam  to  the  estuary. 

The  dissolved-solids  content  of  samples  collected  at  The  Dalles 
Dam  since  1958  has  ranged  from  69  to  163  mg/1.  Below  Portland, 
Oregon,  the  dissolved-solids  content  of  the  Columbia  River  shows 
a slight  decrease.  The  Willamette,  Cowlitz,  and  Lewis  Rivers  have 
a combined  average  flow  of  about  20  percent  of  the  total  flow  of 
the  Columbia  River,  and  being  more  dilute  than  the  Columbia  River, 
tend  to  slightly  decrease  the  average  solute  concentration  of  the 
river. 

Although  mineralization  in  the  Columbia  River  is  comparatively 
low,  the  total  amount  of  dissolved  material  transported  by  the  river 
is  impressive.  The  8-year  record  available  at  The  Dalles  Dam  shows 
that  the  Columbia  River  carries  an  average  of  more  than  20  million 
tons  of  dissolved  solids  past  this  point  each  year. 

A salinity  study  in  the  Columbia  River  made  by  the  Corps  of 
Engineers  in  1959  indicated  that  salt-water  intrusion  reaches  at 
least  16  miles  upstream  from  the  mouth  and  recent  studies  by  Oregon 
State  University  indicate  that  it  might  reach  23  miles.  The 
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maximum  penetration  of  salt  water  was  found  during  periods  of  low 
river  flow.  The  partial  impedance  of  flow  due  to  the  tides  extends 
much  farther  upstream.  Some  effect  is  evident  at  Bonneville  Dam 
146  miles  upstream  from  the  ocean. 

The  waters  in  the  streams  of  this  subregion  are  generally 
of  excellent  mineral  quality.  Because  many  streams  contain  con- 
siderable turbidity  at  certain  times  of  the  year,  some  treatment 
would  be  necessary  before  use  either  as  an  industrial  or  public 
supply  but  the  water  is  excellent  for  irrigation  use. 


Biologi cal- Biochemical 

With  the  exception  of  the  mouth  of  the  Willamette  and  the 
Multnomah  Channel,  dissolved  oxygen  concentrations  are  satisfactory 
in  the  Columbia  and  its  tributaries  in  this  subregion.  Levels  in 
the  Multnomah  Channel  and  Portland  harbor  fall  below  the  5 mg/1  of 
oxygen  required  for  salmonoid  migration  during  summer  and  early 
fall.  The  Columbia  River  is  not  significantly  affected  by  this 
inflow,  however,  and  the  situation  is  presented  in  more  detail  in 
the  Willamette  Subregion  discussion.  Dissolved  oxygen  levels  are 
shown  in  the  following  table  309. 


Table  509.  Dissolved  Oxygen  & Coll  for* 
Organisms  Densities,  lower  Columbia  Subregion 


Location 

Dissolved  Oxygen 

mg/1 

Colt  for in  Organisms 
MPN/100  ml 

Mean 

Min 

Max 

Mean 

Min 

Max 

Lewis  R.  at  Ariel 

10.8 

8.3 

12.4 

3 

0 

Lewis  R.  at  Woodland 

11.1 

9.0 

13.8 

177 

0 

La  lama  R.  at  Kalana 

11.2 

8.2 

13.2 

723 

0 

1 1 ,000 

(.owlitz  R.  nr.  Toledo 

11.4 

8.8 

15.1 

134 

Cowlitz  R.  nr.  Kosmos 

11.4 

9.2 

13.6 

67 

0 

Toutle  R.  nr.  Castle  Rock 

11.2 

8.8 

13.2 

112 

0 

Cowlitz  R.  at  Kelso 

10.9 

8.0 

14.4 

178 

0 

Coweeman  R.  at  Kelso 

10.6 

5.6 

13.8 

1,819 

0 

24,000 

Columbia  R.  at  Beaver  Terminal 

10.8 

8.1 

13.5 

3,257 

0 

24  ,000 

Observed  coliform  densities,  also  shown,  indicate  that  such 
levels  are  generally  low.  However,  the  Columbia  from  the  Portland- 
Vancouver  area  to  St.  Helens  still  exhibits  bacterial  concentrations 
well  above  the  recommended  limit  of  1,000  organisms/100  ml  for  water- 
contact  recreation.  Bacterial  counts  near  the  Washington  shore  are 
generally  higher  than  those  along  the  Oregon  shore.  High  bacterial 
levels  are  also  found  in  Columbia  Slough. 

The  lower  Columbia  River  is  adversely  affected  by  slime 
growth  which  flourishes  periodically.  The  slime  is  a biological 
mass,  primarily  composed  of  the  bacterium  Sphaerotilus , which  serves 
as  a matrix  for  the  attachment  of  microscopic  plants  and  animals  and 
debris.  Commercial  and  sport  fishing  and  water-contact  recreation 
are  adversely  affected  by  the  slime  growths. 
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Sediment 


The  only  suspended-sediment  concentration  data  available  in 
the  subregion  are  from  a few  samples  on  the  Cowlitz  and  East  Fork 
Lewis  Rivers  collected  in  1951  (unpublished  data)  and  on  the 
Columbia  River  at  Vancouver,  Washington,  collected  in  1951-52  and 
since  1962.  Sediment  discharge  during  1962-63  was  described  by 
Haushild  and  others  (1966)  in  relation  to  transport  of  radionuclides. 
Concentrations  generally  were  very  low,  ranging  from  1 to  50  mg/1, 
except  during  short  periods  of  discharge  from  storm  runoff  and 
spring  snowmelt.  A storm  in  February  1963  produced  a sediment 
concentration  of  570  mg/1  in  the  Columbia  River  at  Vancouver.  The 
December  1964  flood  produced  4,000  mg/1. 

Only  during  storm  and  snowmelt  periods  is  there  enough 
sediment  in  the  Columbia  River  water  to  allow  determination  of 
particle-size  distribution.  During  1963,  the  estimated  particle- 
size  composition  of  the  total  sediment  discharge  at  Vancouver  was 
35  percent  sand,  50  percent  silt,  and  15  percent  clay. 

Figure  559  shows  sediment  yields  (30)  ranging  from  0.1  to 
0.5  acre-foot  per  square  mile  per  year.  The  only  two  small  areas 
shown  to  exceed  a yield  of  0.2  acre-foot  per  square  mile  per  year 
are  on  Mount  St.  Helens  and  Mount  Adams.  The  major  sources  of 
sediment  are  the  sloping  agricultural  and  forested  lands  with  the 
agricultural  lands  contributing  about  three  times  as  much  sediment 
per  square  mile  as  the  forested  lands. 


Water  Temperature 

Sufficient  water  temperature  data  for  graph  construction 
are  lacking.  However,  inspection  of  graphs  for  Subregions  7 and  9 
will  provide  some  idea  of  probable  temperatures. 


GROUND  WATER 

The  alluvial  deposits  of  Quaternary  and  late  Tertiary  age 
(QTal)  constitute  the  most  important  aquifers.  Moderate  to  large 
yields  of  water  are  obtained  at  many  places,  and  the  deposits  are 
capable  of  sustaining  a much  larger  development.  The  other 
aquifer  units  are  important  as  sources  of  supply  locally,  or  are 
important  in  the  streamflow  regimen. 


Except  for  some  moderately  to  highly  saline  water  from 
marine  sedimentary  strata,  the  water  is  of  good  to  excellent 
quality. 

Several  reports  describe  aquifers  and  occurrence  of  ground 
water  in  Subregion  8.  (40,  82,  200) 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Five  aquifer  units  have  been  delineated  in  Subregion  8,  but 
only  one,  the  alluvial  deposits  (QTal) , is  of  major  importance  as 
a source  of  ground  water.  Aquifer  units  are  shown  on  the  map, 
figure  560,  which  is  based  primarily  on  the  geologic  map  of 
Washington  (54) . 

The  alluvial  deposits  (QTal)  form  extensive  benches  and 
terraces  in  western  Clark  and  southern  Lewis  Counties.  Narrower 
terraces  occur  elsewhere  along  the  Lewis,  Cowlitz,  and  Columbia 
Rivers.  In  western  Clark  County  the  unit  includes  alluvium  of 
Holocene  age,  glaciof luvial  deltaic  deposits  of  late  Pleistocene 
age,  and  the  upper  Troutdale  deposits  of  late  Pliocene  or  early 
Pleistocene  age.  In  Lewis  County  the  unit  includes  Holocene 
alluvium,  glaciof luvial  outwash  of  late  Pleistocene  age,  and  older 
alluvial  deposits  resembling  the  upper  Troutdale  (Logan  Hill 
Formation)  that  are  considered  to  be  of  early  Pleistocene  age  (128). 
The  alluvial  deposits  consist  predominantly  of  sand  and  gravel  and, 
where  as  much  as  a few  tens  of  feet  of  clean  sand  and  gravel  are 
saturated,  will  yield  large  to  very  large  supplies  of  water.  Yields 
up  to  4,600  gpm  with  only  a few  feet  of  drawdown  have  been  reported. 
(82-85)  However,  near  the  western  edge  of  Clark  County,  and  at  a 
few  other  places,  the  deposits  are  mostly  fine  sand  and  silt,  and 
yields  are  much  smaller. 

Volcanic  rocks  of  Quaternary  and  late  Tertiary  age  (QTv)  also 
are  porous  and  very  permeable,  but  except  for  a few  small  occurrences, 
are  found  only  in  high  uninhabited  areas  of  the  Cascade  Range.  In 
those  areas  they  serve  as  ground-water  storage  reservoirs  and  the 
streams  draining  them  have  high  base  flows.  A few  domestic  wells 
have  moderate  yields  with  small  drawdowns.  One  well  drilled  for 
irrigation  use  near  Battleground  was  reported  to  yield  420  gpm  with 
36  feet  of  drawdown.  (82-166) 
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The  younger  Tertiary  sedimentary  rocks  (Ts)  include  the 
nonmarine  sedimentary  rocks  of  Miocene  and  Pliocene  (?)  age  in  west- 
central  Lewis  County  (200-2S  to  27),  the  Wilkes  Formation  of  upper 
Miocene  and  lower  Pliocene(?)  age  (128-34  to  37),  and  the  lower 
member  of  the  Troutdale  Formation  of  Pliocene  age  (82-23  to  39) . 

The  deposits  consist  chiefly  of  fine-grained  materials:  clay, 

claystone,  silt,  siltstone,  and  very  fine,  lightly  to  moderately 
cemented  sand.  However,  a few  thin  layers  of  permeable  coarse 
sand  or  sand  and  gravel  are  interbedded  in  the  finer  materials  at 
some  places.  These  coarser  beds  are  capable  of  supplying  moderate 
yields . 


Basaltic  lava  flows  of  Miocene  age  (Tmv) , correlated  with 
basalt  of  the  Columbia  River  Group,  have  been  mapped  in  several 
areas.  Individual  flows  generally  are  25  to  100  feet  thick,  and 
consist  of  medium  to  dark  gray,  dense  to  vesicular  basalt.  The 
major  part  of  each  flow  is  dense  and  has  only  a few  widely  spaced 
joints.  The  upper  few  feet  of  each  flow  commonly  is  vesicular  and 
has  platy  or  blocky  jointing.  A single  flow  overlain  by  sedimentary 
strata  has  low  porosity  and  permeability,  but,  where  the  upper 
surface  of  a flow  is  directly  overlain  by  a second  flow,  irregular 
openings  are  frequently  left  between  the  flows.  These  interflow 
zones  are  porous  and  permeable,  and  wells  penetrating  several  inter- 
flow zones  have  moderate  to  large  yields.  The  basalt  in  the  exten- 
sive area  of  this  aquifer  unit  northwest  of  Longview  consists  of 
several  flows,  and  three  or. four  wells  with  moderate  to  large  yields 
have  been  drilled  in  this  area.  Elsewhere,  the  unit  consists  of 
only  one  or  two  flows,  and  generally  only  small  yields  are  obtained. 

The  consolidated  sedimentary  rocks  (Tos) , of  Eocene  and 
Oligocene  age,  include  marine  and  nonmarine  shale,  siltstone  and 
sandstone,  and  some  conglomerate  and  coal  beds.  Many  of  these 
strata  contain  tuffaceous  and  other  volcanic  material,  and  the 
aquifer  unit  includes  some  intercalated  volcanic  flows  and  pyro- 
clastic rocks.  Generally  those  strata  have  been  compacted  and 
cemented  so  that  little  primary  porosity  remains.  In  the  unweath- 
ered rock,  most  of  the  water  is  contained  in  and  moves  through 
joints  and  other  fractures.  Usually  this  unit  has  low  porosity  and 
permeability  and  will  yield  only  small  supplies  to  wells.  At  some 
places  the  water  is  lightly  to  highly  saline.  A shallow  weathered 
zone  that  is  more  porous  and  permeable  yields  sufficient  water  of 
good  quality  for  domestic  use  at  many  places. 

The  older  volcanic  rocks  (Tov)  are  mainly  andesitic  flows 
and  pyroclastic  rocks  and  crop  out  chiefly  in  the  foothills  and 
mountains.  Generally,  these  rocks  have  been  greatly  altered  and 
the  pores,  joints,  and  other  fractures  have  been  filled  with 
secondary  minerals.  Unweathered  rock  is  exposed  in  cahyons  and  on 
other  steep  slopes,  but  on  gentler  slopes  thick  soil  and  subsoil 
overlie  the  parent  rock.  The  unweathered  rock  has  very  low  porosity 
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and  permeability  and  well  yields  commonly  range  from  less  than  one 
to  several  gallons  a minute.  A few  wells  have  higher  yields.  The 
weathered  mantle  is  considerably  more  porous  and  permeable,  but  has 
a limited  saturated  thickness,  commonly  30  to  50  feet.  It  yields 
small  and  locally  moderate  supplies  to  wells  and  springs  in  the 
foothills . 

A summary  description  of  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  quality  of  the  water  yielded 
by  them  are  given  in  table  310.  The  availability  of  ground  water 
is  shown  on  a map,  figure  561.  For  maximum  utility  that  map  and 
the  aquifer  unit  map,  figure  560,  should  be  used  together. 


Water  in  Storage 

A rough  estimate  of  the  quantity  of  water  stored  in  a 
50-foot  thick  interval  below  the  water  table  in  each  aquifer  unit 
is  given  in  table  311. 

A specific  yield  of  20  percent  was  used  for  the  alluvial 
deposits  (QTal) , the  same  as  was  used  for  those  deposits  (Qal)  in 
other  subregions.  The  specific  yields  of  the  'younger  volcanic 
rocks  (QTv)  and  sedimentary  rocks  (Ts)  were  assumed  to  be  5 percent, 
as  in  other  subregions.  Specific  yields  of  2 percent  were  used  for 
other  aquifer  units  (Tos,  Tmv,  and  Tov) . This  is  the  specific 
yield  estimated  for  those  types  of  rocks  in  humid  areas. 

Using  the  above  assumptions  about  8 million  acre-feet  of 
water  is  stored  in  the  upper  50  feet  of  the  zone  of  saturation. 

About  60  percent  is  in  the  alluvial  deposits  (QTal). 


Natural  Recharge  and  Discharge 

Practically  all  recharge  is  from  direct  precipitation  and 
snowmelt.  A relatively  small  quantity  is  from  seepage  of  streamflow 
and  irrigation  diversions. 

The  alluvial  deposits  (QTal)  occur  in  valleys  and  basins,  at 
relatively  low  altitudes  where  precipitation  ranges  from  about  45  to 
60  inches  and  is  chiefly  in  the  form  of  rain.  Recharge  occurs  mostly 
during  the  late  fall,  winter,  and  spring.  Most  of  the  irrigation  is 
on  areas  underlain  by  the  alluvial  deposits,  and  recharge  from 
surface-water  diversions  may  amount  to  several  thousand  acre-feet. 
Recharge  from  streamflow  occurs  as  bank  storage  during  flood  stages 
along  some  of  the  major  streams.  Except  where  temporarily  blocked 
by  bank  storage,  discharge  from  the  alluvial  deposits  is  continuous. 
Hydrographs  illustrating  the  response  of  water  levels  to  recharge 
and  discharge  are  shown  in  figure  562.  Average  annual  recharge  to 


Table  310.  Description  of  Aquifer  Units  and  Their  Hydrologic  Characteristics,  Subregion 
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2N/3E-26Q2,  Clark  County;  Aquifer,  sand  (QTal);  well  depth  22  feet 
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and  discharge  from  the  alluvial  deposits  is  estimated  to  be 
equivalent  to  30  inches  over  the  area  of  outcrop. 

The  younger  volcanic  rocks  (QTv)  occur  only  at  high  altitudes, 
where  annual  precipitation  ranges  from  70  to  140  inches,  much  of  it 
as  snow.  Recharge  probably  is  largely  from  fall  rains  and  spring 
snowmelt.  The  rocks  are  so  porous  and  permeable  that  most  of  the 
precipitation  becomes  recharge.  Average  annual  recharge  to  and  dis- 
charge from  the  aquifer  unit  was  estimated  to  be  equivalent  to 
50  inches  over  the  area. 

The  other  aquifer  units  (Ts,  Tos , Tmv,  and  Tov)  crop  out 
generally  at  altitudes  ranging  from  about  500  to  5,000  feet. 

Recharge  is  chiefly  from  rainfall  at  lower  altitudes,  but  spring 
snowmelt  is  important  at  higher  altitudes.  Stream  hydrographs  and 
flow-duration  curves  indicate  that  ground  water  supplies  a component 
of  discharge  to  streams  equivalent  to  about  15  to  30  inches  over  the 
area  annually.  A value  of  20  inches  was  used  for  estimating  average 
annual  recharge  to  and  discharge  from  these  units. 

The  estimates  of  average  annual  natural  recharge  and  dis- 
charge are  given  in  table  311.  The  total  annual  recharge  and  dis- 
charge is  estimated  to  be  about  6 million  acre-feet,  more  than 
50  percent  from  the  older  volcanic  rocks  (Tov).  Only  about  20  per- 
cent is  from  the  alluvial  deposits  (Qal) . About  16  percent  is  from 
the  younger  volcanic  rocks  (QTv)  which  supply  large  base  flows  to 
the  Cispus,  Toutle,  Kalama,  and  Lewis  Rivers. 


Table  311.  Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units  in  Subregion  8 


Area 

Storage 

Annual 

Natural  Recharge 
and  Discharge 

Aquifer 

Unit, 

Sq.  Mi. 

Acres 

(1000’s) 

Specific 

Yield 

(percent) 

Depth 

Used 

Water 
(1000' s 
ac-ft) 

Inches 

Over 

Area 

(1000's 

ac-ft) 

QTal 

763 

490 

20 

so 

4,900 

30 

1,200 

QTv 

397 

254 

5 

so 

650 

50 

1,000 

Ts 

220 

140 

5 

50 

350 

20 

230 

Tos 

320 

205 

2 

50 

205 

20 

340 

Tmv 

320 

200 

2 

so 

200 

20 

330 

Tov 

TOTAL 

(rounded) 

3,000 

s,6oo 

1,900 

2 

50 

1,900 

8,000 

20 

3,200 

6,300 

Annual  Ground- Water  Withdrawal 

Ground-water  withdrawal  (table  312)  , almost  entirely  from 
pumped  wells,  is  about  140  thousand  acre-feet  a year.  This  is  less 
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Table  312  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  8,  1970 

Ac- ft  per  year;  all  quantities  in  thousands 


Oregon 

Washington 

Total 

Irrigation 

Acres  irrigated 

0.1 

5.0 

5.1 

Withdrawal 

.3 

8.0 

8.3 

Consumptive  use 

.1 

5.0 

5.1 

Industrial-^ 

Withdrawal  .. 

Consumptive  use^-' 

2.0 

110.0 

112.0 

.1 

5.5 

5.6 

Public  Supplies 

Persons  served 

3.0 

92.0 

95.0 

Withdrawal  _ . 

Consumptive  use— 

.6 

16.0 

17.0 

.1 

3.2 

3.3 

Rural-Domestic 

Persons  served 
Withdrawal—  . 

Consumptive  use—' 

8.0 

50.0 

58.0 

.9 

5.6 

6.5 

.4 

2.8 

3.2 

Stock 

Withdrawal  and  . 

consumptive  use— 

.15 

.94 

1.1 

TOTAL  WITHDRAWAL  (rounded) 

140.0 

TOTAL  CONSUMPTIVE  USE  (rounded) 

18.0 

\J  Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 

3 / Assumed  to  be  20  percent  of  gross  withdrawal. 
4/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 


than  2 percent  of  the  natural  recharge  and  discharge.  Most  of  the 
withdrawal  is  from  the  alluvial  deposits  (QTal). 


Chemical  Quality  of  Water 

The  water  in  Subregion  8 is  of  good  to  excellent  quality  for 
most  uses.  The  concentration  of  dissolved  solids  usually  is  less 
than  300  mg/1,  except  that  some  water  from  marine  sedimentary  rocks 
may  be  brackish.  The  water  is  chiefly  of  the  calcium  magnesium 
bicarbonate  type  and  generally  is  soft  or  only  moderately  hard. 
Excessive  iron  is  a common  problem,  and  except  for  hardness,  gener- 
ally is  the  only  water  quality  problem  encountered. 


Present  Use  and  Future  Availability 

Estimates  (projected  to  1970)  of  ground-water  withdrawal 
and  consumptive  use  are  given  in  table  312.  Most  of  the  water  is 
withdrawn  for  industrial  use  or  public  supply-- largely  nonconsump- 
tive uses.  Total  annual  consumptive  use,  therefore,  is  only  about 
18,000  acre-feet.  Most  water  not  used  consumptively  is  discharged 
into  the  Columbia  River;  only  a small  part  returns  to  the  aquifers. 
However,  because  some  of  the  water  withdrawn  by  pumping  is  induced 
recharge  from  the  Columbia  River,  net  ground-water  withdrawal  may 
not  be  more  than  50,000  to  60,000  acre-feet  a year.  Most  of  the 
withdrawal  is  from  the  alluvial  deposits  and  amounts  to  about 
S percent  of  the  natural  discharge  from  those  aquifers. 

Moderately  large  to  very  large  yields  can  be  obtained  from 
the  alluvial  deposits  (QTal)  at  many  places  in  Clark,  Cowlitz,  and 
Lewis  Counties.  Under  present  conditions,  considerable  recharge 
is  rejected  during  late  winter  and  spring;  increased  pumpage  would 
be  balanced,  in  part,  by  an  increase  in  recharge.  Many  of  the 
larger  wells  are  drilled  near  the  Columbia  River  and  other  large 
streams,  and  much  of  their  withdrawal  is  supplied  by  induced 
infiltration  from  those  rivers.  It  has  been  estimated  that  along 
favorable  reaches  of  the  Columbia  River,  yields  of  about  50  to 
100  mgd  might  be  obtained  per  mile  length.  (82-93) 

The  Miocene  basalt  (Tmv)  is  capable  of  moderately  large  to 
large  yields  where  several  interflow  zones  are  encountered.  The 
largest  area  of  basalt,  consisting  of  several  successive  flows,  is 
northwest  of  Longview.  Several  large-yield  wells  have  been  drilled 
there  and  the  basalt  aquifers  in  that  area  probably  would  support 
considerable  additional  development.  Elsewhere,  the  basalt  is 
only  one  or  two  flows  thick  and  yields  are  small  to  moderate. 
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Artificial  Recharge 

There  is  no  artificial  recharge  of  aquifers.  However, 
water  pumped  from  wells  and  used  in  heat-exchange  installations  is 
returned  to  the  aquifer  through  recharge  wells  at  several  places 
in  Clark  County.  Artificial  recharge  does  not  appear  needed. 


Water  Rights 


Oregon 

The  part  of  Subregion  8 in  Oregon  consists  of  drainage 
basins  to  the  Columbia  River,  downstream  from  St.  Helens  to  just 
beyond  the  mouth  of  the  Clatskanie  River.  It  is  the  eastern  part 
of  the  Tillamook  subbasin  of  the  North  Coast  Basin  as  defined  by 
the  Oregon  Water  Resources  Board.  Primary  water  rights  for  seven 
wells  were  on  file  with  the  State  Engineer's  Office  as  of  March 
1967.  Prime  rights  allow  withdrawal  of  4,122  acre- feet  a year, 
of  which  3,760  acre-feet  is  for  municipal  use  and  the  remainder 
is  for  irrigation.  The  maximum  rate  of  withdrawal  is  about  7 cfs 
(3,200  gpm) , during  the  irrigation  season.  Data  on  supplemental 
water  rights  are  not  available.  Ground-water  rights  are  summarized 
by  major-use  category  in  table  313. 


Tabl*  313  - Suatury  of  Ground-Water  Rights,  Oregon  Part  of  Sub  region  8,  1967 


basin 

Number 

of 

Domestic 

Municipal 

Industrial 

Irritation 

Other 

Total 

WST  Kaae 

Wells 

(M-ft) 

(M-ft) 

(.c-ft) 

Acres 

■GSDH 

■P5  • 

1 North  Coast 

(part) 

7 

0 

3,760 

0 

14S 

362 

0 

4,122 

Washington 

In  that  part  of  Subregion  8 located  in  the  State  of 
Washington,  essentially  Water  Resource  Inventory  Areas  25  through 
28  (figure  521),  a total  of  515  active  ground-water  right  appro- 
priation and  declaration  records,  in  permit  and  certificate  stages, 
were  on  file  with  the  Department  of  Water  Resources  on  September  30, 
1966.  Prime  rights  in  this  area  allow  summer  period  withdrawals 
totaling  186,130  gpm  (415  cfs)  of  which  185,030  gpm  has  a consump- 
tive effect  on  the  resource  and  1,100  gpm  is  classified  as  being 
partly  consumptive.  Only  80  gpm  has  been  appropriated  under 
supplemental  rights. 

Prime  water-right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are 
listed  in  table  314  according  to  Water  Resource  Inventory  Areas 


» 
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as  defined  by  the  State  of  Washington,  Department  of  Water 
Resources.  (Regional  Summary)  More  detailed  information  about 
specific  rights  can  be  obtained  from  the  Department  of  Water 
Resources. 


ary  of  Ground-Motor  Right*.  Washington  Part  of  Subregion  8.  1966 


Ravin 

Municipal 

Irrigation 

Individual 
and  CoMinity 
I >oei*»t  ic 

Industrial 

and 

CoaBercial 

Fish 

Propagation 

Stock 

Total!/ 

(Gallon*  per  Mi  nut 

a) 

IS 

.’6 

27 

CathlaMt  Area 
Cowlitz 

kalaM-lewis 
Vancouver  Area 

445 

1,350 

495 

9,664 

9,605 

34.676 

54.440 

2.438 

5,020 

2,800 

34.377 

44 ,635 

7,480 

300 

1.14S 

8Sr727 

3,100 

1,500 

765 

160 

1.626 

10,083 

13,622 

12,381 

150.044 

TOTAL 

20,623 

94,652 

4,600 

2,551 

186,130 

I#  Rater  Resource  Inventory  Area  nuMber  as  shown  in  figure  S21.  ...  ...  ___ 

“ Total  prime  right  quantities  do  not  agree  with  the  si m of  the  uses  because  (I)  only  the  more  important  use  categories  ar 
y uI;idPIiT(5)  -Itrjiiht  quant, tiesNh.t  are  co-on  to  two  or  .ore  uses  are  listed  under  each  applicable  us.  category. 


RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

Ground  water  is  nearly  everywhere  effluent  to  the  streams. 
Discharge  of  ground  water  is  continuous  throughout  the  year,  except 
for  short  periods  along  some  reaches  of  large  rivers  where  flood- 
flows  may  put  water  into  temporary  storage  in  the  alluvium  of  the 
flood  plain  adjacent  to  the  river. 

The  ground-water  component  of  the  average  discharge  of 
streams  ranges  from  about  15  percent  in  streams  draining  terrain 
underlain  by  the  older  volcanic  rocks  (Tov)  and  sedimentary  rocks 
(Tos)  to  more  than  50  percent  for  streams  draining  the  younger 
volcanic  rocks  (QTv) . However,  the  younger  volcanic  rocks  underlie 
a comparatively  small  part  of  the  subregion  and  no  large  stream 
drains  those  rocks  exclusively. 

Hydrographs,  figure  563,  show  the  low-flow  characteristics 
of  selected  streams. 


661 


DISCHARGE,  IN  CUBIC  FEET  PER  SECOND 


SUBREGION  9,  WILLAMETTE 


HYDROLOGIC  FRAMEWORK 

The  Willamette  Subregion  lies  wholly  within  the  State  of 
Oregon  and  includes  all  of  the  area  south  of  the  Columbia  River 
between  Subregions  7 and  10,  as  shown  on  figure  564.  The  area, 
encompassing  the  drainage  basin  of  the  Willamette  River  and  its 
tributaries,  extends  from  the  crest  of  the  Coast  Range  on  the  west 
to  the  crest  of  the  Cascade  Range  on  the  east  and  from  the  Columbia 
River  southward  approximately  150  miles.  At  the  southern  end,  the 
foothills  of  the  Coast  Range  and  the  Cascades  merge  to  form  a 
natural  barrier  between  the  Willamette  Basin  and  the  Umpqua  River 
Valley.  Elevations  within  this  area  range  from  practically  sea 
level  at  the  confluence  of  the  Willamette  and  Columbia  Rivers  to 
between  5,000  and  6,000  feet  along  the  crest  of  the  Cascades,  with 
a number  of  peaks  extending  several  thousand  feet  higher.  The  av- 
erage height  of  the  Coast  Range  in  this  general  area  is  1,200  to 
2,000  feet  with  an  occasional  peak  projecting  up  another  1,000  to 
2,000  feet.  The  area  covers  12,046  square  miles,  of  which  166 
square  miles  are  water  and  11,880  square  miles  are  land,  altogether 
amounting  to  about  4 1/2  percent  of  the  total  area  of  the  region. 

Figure  2 shows  the  major  physiographic  features  of  the 
subregion.  A fourth  of  the  Willamette  Subregion  is  a valley  floor 
lying  below  elevation  500.  It  is  the  southern  portion  of  a trough, 
partly  structural  and  partly  erosional,  which  extends  from  the  vi- 
cinity of  Cottage  Grove  northward  across  Oregon  and  Washington  to 
and  including  Puget  Sound.  The  rocks  in  the  Coast  Range  are  a 
series  of  sediments,  both  marine  and  continental,  with  some  volcan- 
ics,  whereas  the  rocks  of  the  Cascade  Range  are  almost  entirely 
composed  of  lava  flows  and  associated  pyroclastics  and  stream 
deposits.  The  valley  itself  is  filled  with  gravel  and  sand  deposits, 
and  bedrock  occurs  on  the  surface  only  in  the  Salem  Hills  and  at 
Oregon  City.  Mt.  Hood  in  the  Cascades  is  the  highest  peak,  with 
an  elevation  of  11,245  feet. 

Streams  in  this  subregion  averaged  about  44  inches  of  runoff 
per  year  or  38,500  cfs  during  the  period  1929-58.  The  maximum  was 
about  1 1/2  and  the  minimum  about  1/2  times  the  average. 

Except  for  the  Sandy  River  in  the  extreme  northeast,  the 
Willamette  River  supplies  the  entire  streamflow  from  this  subregion, 
its  major  source  being  the  west  slope  of  the  Cascade  Range.  Here 
the  stream  gradients  range  from  about  2 to  8 percent  in  the  upper 
reaches,  but  are  less  than  1/4  percent  in  the  lower  valleys. 
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The  principal  streams  are  the  Santiam,  Middle  Fork  Willamette,  and 
McKenzie  Rivers;  others  are  the  Clackamas,  Molalla,  and  Calapooia 
Rivers.  The  Santiam  River  Basin  contributes  over  60  inches  of  run- 
off per  year,  the  Molalla  about  50  inches.  The  others  contribute 
similar  amounts,  with  the  greater  part  occurring  during  the  winter 
from  rainfall. 

The  other  source  of  Willamette  River  water  is  the  east  slope 
of  the  Coast  Range.  The  stream  gradients  range  from  about  1 to  10 
percent  in  the  upper  reaches,  but  are  less  than  1/8  percent  in  the 
lower  valleys.  The  principal  streams  are  the  Yamhill  and  Tualatin 
Rivers,  others  being  the  Coast  Fork  Willamette,  Long  Tom,  Marys, 
and  Luckiamute  Rivers.  The  Yamhill  River  Basin  contributes  about 
40  inches  of  runoff  per  year,  the  Luckiamute  a little  more,  the 
Marys  a little  less,  and  the  others  about  30  inches. 

Glaciers  occur  on  the  upper  slopes  of  Mt.  Hood,  Mt.  Jeffer- 
son, and  the  North,  Middle,  and  South  Sisters,  but  cover  less  than 
5 square  miles,  an  insignificant  part  of  the  basin.  These  glaciers 
exert  no  appreciable  influence  on  the  hydrology  because  of  their 
small  extent  and  relative  stability  from  year  to  year.  They 
probably  contribute  less  than  100  cfs  to  stream  discharge  during 
the  summer. 

About  one-third  of  the  subregion  area  is  valley  floor,  where 
soils  are  derived  from  fine-grained  lavas,  pyroclastics , marine 
shale,  and  sandstone.  A fifth  of  the  area  contains  the  soils 
derived  from  the  sedimentary  rocks  of  the  Coast  Range,  and  about 
half  of  the  total  area  has  the  volcanic  soils  of  the  Cascade  Range. 

The  half  of  the  subregion  area  draining  the  Cascades  is 
densely  covered  by  Douglas-fir  forests,  with  some  Western  Hemlock, 
and  minor  numbers  of  other  softwoods.  On  the  west,  the  narrower 
coastal  forests  are  also  mostly  Douglas-fir,  but  with  a denser 
ground  cover  of  small  trees,  shrubs,  and  vines.  The  valley  floor, 
however,  is  nearly  all  farming  area,  both  dry  and  irrigated. 

The  cities  of  Portland,  Eugene,  and  Salem  are  the  largest 
of  the  subregion  and  had  populations  in  1960  of  372,680,  50,980, 
and  49,140,  respectively. 


CLIMATE 

The  wide  range  in  elevation  explains  most  of  the  climatic 
difference  within  this  subregion. 

Some  40  to  50  airline  miles  to  the  west  of  the  subregion, 
the  coastline  of  the  Pacific  Ocean  parallels  the  Willamette  Valley 
floor.  Most  large  air  masses  at  this  latitude  move  from  west  to 
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east;  consequently  those  crossing  the  Willamette  Basin  have  only  a 
short  time  previously  completed  from  a few  to  several  days'  travel 
across  the  Pacific  Ocean.  In  that  time  the  air  becomes  nearly  sat- 
urated, and  its  temperature  closely  approaches  that  of  the  water. 

The  ocean  itself  is  a vast  spawning  ground  for  winter  storms  that 
several  times  each  winter  move  on  to  the  Oregon  coast,  occasionally 
with  considerable  violence. 

The  Coast  Range  is  an  effective  buffer  for  the  Willamette 
Basin  against  the  more  violent  aspects  of  most  winter  storms.  It 
is  also  an  important  agent  in  modifying  the  climate  in  other  ways. 
Because  the  land  responds  much  more  rapidly  to  solar  heating  than 
water,  the  air,  which  arrives  at  the  coastline  with  nearly  ocean 
temperature,  is  cooled  in  winter  and  heated  in  summer  by  contact 
with  the  land  on  its  passage  inland.  Also,  air  is  mechanically 
cooled  from  3 to  5 degrees  for  each  1,000-foot  increase  in  eleva- 
tion. The  combined  cooling  in  winter,  due  both  to  contact  and 
lifting,  of  this  saturated  marine  air  causes  large  quantities  of 
water  vapor  to  condense  and  fall  out  as  rain  or  snow  on  the  west 
slopes  of  the  Coast  Range.  A certain  amount  of  this  moisture  is 
carried  across  the  crest  of  these  mountains  and  is  deposited  on 
the  upper  part  of  their  east  slopes.  As  a result  of  the  condensa- 
tion, this  air  is  much  drier  as  it  moves  down  the  east  slopes  and 
out  over  the  valley  floors.  At  the  same  time,  its  temperature  is 
rising  as  its  elevation  decreases,  thus  increasing  its  capacity  to 
Tetain  moisture.  In  summer,  the  heating  of  air  due  to  ground  con- 
tact also  increases  its  moisture-holding  capacity.  All  of  these 
processes  result  in  a considerably  lower  average  relative  humidity 
in  the  Willamette  Valley  than  in  the  coastal  area.  The  same  pattern 
of  increase  in  precipitation  with  increase  in  elevation,  mentioned 
in  connection  with  movement  of  air  masses  across  the  Coast  Range, 
also  occurs  as  the  air  moves  eastward  over  the  Cascades.  The  con- 
densation that  took  place  in  crossing  the  Coast  Range,  however, 
leaves  less  moisture  available  for  precipitation  on  the  Cascades. 


Precipitation 

Along  the  crest  of  the  Coast  Range,  annual  rainfall  averages 
from  100  to  as  much  as  200  inches.  This  graduates  downward  to  less 
than  40  inches  on  the  valley  floor  and  then  increases  up  the  west 
slopes  of  the  Cascades  to  60-80  inches,  with  annual  totals  as  much 
as  100  inches  at  a few  of  the  very  highest  points.  Table  315  and 
figure  564  give  precipitation  data  and  location  of  precipitation 
stations.  Approximately  70  percent  of  these  totals  fall  in  the 
5-month  period  November  through  March,  and  only  about  5 percent  in 
the  three  summer  months,  June-August.  Except  for  the  middle  and 
higher  slopes  of  the  Cascades,  it  practically  all  falls  as  rain. 

On  the  valley  floor  the  total  snowfall  for  an  entire  winter  is 


usually  not  more  than  6-8  inches,  accumulating  to  depths  of  only 
2 or  3 inches  and  melting  in  a few  hours.  On  rare  occasions,  depths 
of  8-12  inches  may  accumulate  at  lower  elevations,  but  even  these 
seldom  lay  on  the  ground  for  more  than  3 or  4 days.  On  the  west 
slopes  of  the  Cascades,  however,  snow  depth  above  2,000  feet  in- 
creases sharply  with  elevation.  At  Timberline  Lodge  at  an  elevation 
of  6,000  feet,  where  only  a very  short  record  is  available,  depths 
have  been  recorded  up  to  20  feet  and  annual  totals  of  700  inches 
have  fallen.  Density  of  the  mountain  snowpack  increases  from  about 
25  percent  water  equivalent  in  early  winter  to  about  40  percent  in 
Apri 1 . 


Table  SIS  - Average  Monthly  and  Annual  Precipitation,  Willamette  Subregion,  1931-60 


Station 

\r,»a 

tion 

.lan. 

Feb. 

Mar. 

Apr. 

M.r 

June 

July 

Sept . 

Oct . 

Nov. 

Dec. 

Annual 

Port  land  KB  City 

30 

6.34 

4.90 

4.78 

2.45 

2.05 

1 .68 

.39 

.69 

1.74 

3.89 

6.04 

7.42 

42.37 

tstacada  2 Sh 

414 

7.72 

6.  19 

7.02 

4.15 

3.42 

2.83 

.62 

1.05 

2.36 

5.77 

7.68 

8.72 

57.53 

Salem  MB  AP 

196 

6.70 

5.31 

4.68 

2.33 

211 

1 . 45 

.35 

.45 

1.38 

3.91 

5.71 

7.37 

41.75 

Detroit 

1.4S2 

11.27 

9. 10 

8.58 

5.15 

3.86 

2.86 

.59 

.89 

2.SS 

7.23 

11.05 

12.83 

75.96 

Cascadia  RS 

796 

8.31 

6.97 

7.32 

4.83 

3.93 

3.05 

.57 

.82 

2.23 

5.84 

8.05 

9.34 

61.26 

Mckenzie  Br.  RS 

I.J7S 

10.48 

8.42 

8.39 

4.75 

3.91 

2.93 

.52 

.72 

2.25 

6.61 

9.62 

11.84 

70.44 

Fugene  WB  AP 

364 

6.33 

4.97 

4.32 

2.38 

2.14 

1.42 

.27 

.40 

1.27 

3.83 

5.62 

6.61 

39.56 

Oak  ridge  Sal . Mat . 

1,310 

6.73 

5.24 

S.09 

3.10 

2.74 

2.12 

.44 

.50 

1.32 

3.92 

5.96 

6.81 

43.97 

Cottage  Grove  l.S 

6S0 

7.03 

5.63 

$.45 

3.10 

2.62 

1.85 

.30 

.49 

1.52 

4.35 

6.47 

7. SO 

46.31 

Oregon  St.  Univ. 

240 

6 30 

4.79 

4.12 

2.04 

1.80 

1.24 

.31 

.38 

1 . 25 

3.S2 

5.35 

6.57 

37.67 

tails  City 

SSO 

12.71 

10.25 

8.74 

4.04 

2.72 

1.48 

.34 

.62 

1.75 

5.69 

10.78 

13.83 

72.95 

Forest  Grove 

175 

7.54 

5.87 

5.15 

2.32 

1.88 

1.38 

.42 

.53 

1.49 

3.86 

6.78 

8.52 

45.74 

1/  Period  is  no  longer  or  shorter  than  30-year  normal. 


Figure  564  is  an  isohyetal  map  prepared  by  the  Weather 
Bureau  River  Forecast  Center,  Portland,  Oregon,  using  climatologi- 
cal data  (1930-57)  and  information  derived  from  correlations  with 
physiographic  factors. 


Temperature 

Recorded  temperatures  in  the  subregion  have  ranged  from 
24°F.  below  zero  to  112°F.  above.  During  most  years,  however,  the 
annual  minimum  on  the  valley  floor  will  not  be  lower  than  5°F. 
above  zero,  and,  at  higher  elevations,  only  10-15°F.  cooler.  Dur- 
ing most  summers,  the  maximum  for  the  Willamette  Basin  will  not 
exceed  105®F.  Individual  stations  can  expect  temperatures  of 
100°F.  or  more  about  every  other  year.  Table  316  and  figure  564 
show  the  temperature  data  and  location  of  weather  stations.  The 
more  extreme  temperatures  that  do  occur  are  almost  always  the  result 
of  continental  air  invasions  from  the  east.  During  winter,  large 
masses  of  Arctic  air  form  over  the  ice  and  snow  fields  and  very  cold 
land  masses  of  northern  and  central  Canada.  At  intervals  these  will 
push  southward  along  the  east  slope  of  the  Rocky  Mountains. 
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Occasionally,  however,  a large  segment  of  this  cold  air  will  break 
over  the  Continental  Divide  and  continue  its  southward  trek  between 
the  Rockies  and  the  Cascades.  Since  this  is  much  colder  air,  and 
therefore  much  heavier,  it  will  tend  to  push  underneath  the  marine 
air  moving  in  from  the  Pacific  Ocean  and  cause  a cold  spell  in  the 
local  climate. 

The  Columbia  Gorge  is  the  one  passageway  through  the  Cascades 
that  provides  a nearly  sea  level  route  for  a part  of  this  cold  Arctic 
air  to  push  into  the  Willamette  Basin.  In  summer  a great  deal  of 
heating  takes  place  over  the  fairly  broad  land  area  of  the  inland 
Columbia  Basin.  Occasionally  pressure  patterns  on  either  side  of 
the  Cascades  will  become  so  oriented  that  hot  dry  air  from  the  east 
will  sweep  through  the  Columbia  Gorge  and  lower  passes  into  the 
Willamette  Basin.  These  conditions  rarely  last  more  than  2 or  3 
days,  after  which  the  normal  inflow  of  cool  air  from  the  west  again 
prevails.  Long-term  averages  at  low  elevations  indicate  there  are 
10-15  days  a year  with  maximum  temperatures  of  90°F.  or  higher.  At 
these  elevations  there  is  an  average  of  50-60  days  annually  with 
minimums  of  32°F.  or  lower.  At  higher  locations,  however,  this 
number  ranges  from  100  to  250  days  annually--possibly  even  more, 
depending  upon  elevation. 

The  longest  growing  season  is  263  days  at  Portland.  Moving 
up  the  valley,  the  season  becomes  shorter  until  at  Salem  it  is  213 
days,  and  at  Eugene  it  is  205  days;  at  the  1,000-foot  level  it  is 
about  150  days.  The  average  date  of  the  last  killing  frost  is 
March  6 at  Portland,  April  1 at  Salem,  and  April  13  at  Eugene.  The 
average  date  of  the  first  killing  frost  in  the  fall  is  November  24 
at  Portland,  October  31  at  Salem,  and  November  4 at  Eugene. 


Wind 

Winds,  in  the  lower  speed  categories,  move  very  nearly  paral- 
lel with  north-south  orientation  of  the  valley  walls.  At  the  lower 
end  of  the  valley,  however,  the  east-west  movement  through  the 
Columbia  Gorge  shifts  the  prevailing  directions  to  more  northwest- 
southeast  components.  The  high  speed  winds,  however,  are  almost 
always  out  of  the  south-southwest.  These  are  the  ones  associated 
with  major  storms.  Speeds  of  40  mph  can  be  expected  on  the  valley 
floor  at  least  every  other  year,  60  mph  at  least  every  10  years, 
and  70  mph  every  25  years.  There  are  little  or  no  official  records 
at  higher  elevations,  but  from  limited  unofficial  information  it 
appears  that  velocities  of  100  mph  may  occur  across  some  of  the  more 
exposed  high  ridges  and  peaks  each  year. 
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Table  316.  Average  and  Extreme  Temperatures  (°F) , Willamette  Subregion 
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1/  Period  is  longer  or  shorter  than  the  So-year  normal.  " 

JTote:  The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record  through  1960 

Numbers  under  station  names  denote  full  years  of  record. 


Evaporation 


i**1 

Annual  evaporation  from  a Class  A pan  in  the  Willamette 
Valley  is  between  30  and  40  inches.  Potential  evapotranspiration 
ranges  from  about  25  inches  on  the  valley  floor  to  20  inches  on  the 
upper  slopes  due  to  lower  temperatures  at  the  higher  elevations. 

In  contrast,  the  actual  evapotranspiration  tends  to  increase  slight- 
ly with  height  because  the  heavier  rainfall  provides  more  moisture 
to  evaporate  from  the  soil.  For  soils  with  2-inch  holding  capacity 
the  actual  evapotranspiration  increases  from  12  inches  on  the  valley 
floor  to  16  inches  at  higher  elevations,  and  for  those  with  6-inch 
holding  capacity  it  increases  from  15  inches  on  the  valley  floor  to 
near  18  inches  at  higher  elevations. 


Storms 


Nearly  all  of  the  widespread  winter  precipitation  in  the 
subregion  is  produced  either  by  a family  of  mature  occlusions  or  by 
a quasi-stationary  front  with  active  minor  waves.  These  storms  may 
extend  many  hundreds  of  miles  to  the  north  or  south.  Tropical 
cyclones  are  extremely  rare,  and  thunderstorms  are  of  local  rather 
than  general  occurrence,  the  greater  number  occurring  over  the 
mountains  in  summer.  Infrequent  hail  or  sleet  storms  occur  but 
seldom  reach  destructive  proportions 


Humidity 

Relative  humidity  during  the  early  morning  hours  may  be  near 
100  percent  any  time  of  the  year.  The  4:00  a.m.  average  on  a year- 
round  basis  is  between  80  percent  and  90  percent.  During  the  warmer 
part  of  the  day,  however,  there  is  a considerable  variation  from 
winter  to  summer.  The  4:00  p.m.  average  ranges  from  80  percent  in 
December  to  about  30  percent  in  July,  occasionally  falling  to  less 
than  20  percent. 


Sunshine 

Marine  influence  combined  with  normal  storm  patterns  across 
this  area  in  the  late  fall,  winter,  and  early  spring  results  in 
much  cloudiness.  This  reaches  its  peak  in  December  when,  on  an 
average,  nearly  90  percent  of  the  sky  is  cloud- covered  the  entire 
month.  This  diminishes  to  about  a 40  percent  cover  in  July.  There 
are,  on  the  basis  of  a fairly  long  period  of  record  in  Portland, 
Eugene,  and  Salem  an  average  of  70-75  clear  days  a year,  80-85 
partly  cloudy,  and  200-210  cloudy  ones.  The  amount  of  sunshine 
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varies  from  20  percent  of  possible  during  December  to  75  percent  of 
possible  during  July.  Fog  rarely  occurs  during  the  summer  but  is 
common  from  October  through  February. 


SURFACE  WATER 

The  rivers  of  the  Willamette  Subregion  are  well  used,  the 
water  supply  is  copious,  and  the  quality  is  generally  good.  The 
runoff  is  primarily  from  winter  rainfall,  with  varying  amounts  of 
snowmelt  included.  Flood  flows  are  highly  regulated  by  flood  con- 
trol reservoirs;  three  on  the  Santiam,  two  on  the  McKenzie,  three 
on  the  Middle  Fork,  two  on  the  Coast  Fork,  and  one  on  the  Long  Tom 
River. 


Water  is  used  for  power  generation  at  all  of  the  Santiam 
and  two  of  the  Middle  Fork  reservoirs  and  at  many  smaller  reservoirs 
of  private  power  companies,  particularly  on  the  McKenzie,  Clackamas, 
and  Willamette  Rivers. 

Early  irrigation  development  was  slow  in  the  Willamette 
Basin.  However,  since  1950,  there  has  been  a more  rapid  expansion 
in  sprinkling  from  both  surface  and  ground  water,  which  is  practiced 
throughout  the  valley  floor. 

Navigational  use  of  water  is  important  on  the  Willamette 
River  up  to  Salem,  with  decreasing  use  farther  upstream. 


Quantity 

Average  discharge  of  streams  in  the  subregion  totals  about 
38,490  cfs  (27.9  million  acre-feet  annually).  This  averages  3.2 
cfs  per  square  mile,  one  of  the  highest  rates  in  the  Columbia-North 
Pacific  Region. 


Present  Utilization 

About  4.4  percent  of  the  average  discharge  was  withdrawn  in 
1965  for  consumptive  uses,  but  only  about  1.4  percent  was  actually 
consumed.  About  one-sixth  of  the  water  withdrawn  for  consumptive 
uses  (about  1,680  cfs)  was  for  municipal  supplies  (163  cfs  domestic 
and  118  cfs  industrial);  the  largest  user  was  self-supplied  indus- 
try (800  cfs) . Irrigation  was  the  second  largest  user  (538  cfs) 
but  the  major  consumer- -377  cfs  of  the  total  of  522  cfs  consumed 
in  the  subregion.  A very  small  flow  was  used  for  thermal  power 
cooling,  but  there  was  appreciable  steam  power  generation.  A small 
quantity  of  water  was  used  to  generate  hydroelectric  power.  Navi- 
gation takes  place  throughout  the  main  stem  of  the  Willamette  River, 
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with  large  volumes  of  ocean-going  traffic  reaching  the  Portland 
harbor.  Recreation  is  popular  and  water  use  for  it  is  growing 
rapidly.  With  the  mild  climate  and  abundance  of  water,  recreation 
is  becoming  a major  industry.  All  waters  are  used  to  some  degree 
for  fish  and  wildlife.  The  abundance  of  water  makes  it  generally 
available  for  the  transport  and  dilution  of  waste,  but  pollution 
is  a problem  in  the  lower  reaches  of  some  streams,  particularly 
the  main  stem  of  the  Willamette  River. 


Stream  Management 

Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions, 
conservation,  legal  constraints,  etc.,  all  are  a part  of  the  water- 
management  system. 


Impoundments  Reservoirs  having  a total  capacity  of  5,000 
acre-feet  or  more  are  listed  in  table  317.  Lookout  Point  Reservoir 
on  the  Middle  Fork  Willamette  River  is  the  largest  impoundment  in 
the  subregion,  but  Detroit  and  Green  Peter  reservoirs  are  almost 
as  large.  The  table  includes  the  11  flood  control  and  power 
reservoirs  mentioned  earlier,  plus  eight  other  reservoirs.  Only 
four  of  the  reservoirs  are  single-purpose. 


Table  317  - Reservoirs  Having  a Total  Capacity  of  5,000  Acre-Feet  or  More,  Subregion  9 


Naae 

Streaa 

Total 

Storage 

(•c-ft) 

Active 

Storage 

(ac-ft) 

Surface 

Area 

(acres) 

■■ 

Big  Cliff 

N.  Santiaa  R. 

5,930 

2,630 

141 

P 

Blue  River 

Blue  R. 

89,000 

85,000 

975 

AF1NR 

Lake  Ben  Morrow 

Bull  Run  R. 

30,680 

30,680 

385 

MP 

Bull  Run  No.  2 

Bull  Run  R. 

20,990 

20,990 

420 

MP 

Cottage  Grove 

C.  F.  Ni  1 laaette  R. 

32,940 

30,060 

1,160 

ACFINR 

Cougar 

S.  F.  McKenzie  R. 

219,300 

16S.130 

1,230 

ACFIMNPR 

Detroit 

N.  Santiaa  R. 

455,000 

340,000 

3,580 

CF1NPR 

Dexter 

M.  F.  Wi llaaette  R. 

27,500 

4,800 

1,025 

PR 

Dorena 

Row  R. 

77,500 

70,500 

1,835 

CFINR 

Fall  Creek 

Fall  Cr. 

125,000 

IIS, 000 

1,820 

ACFIMNPR 

Fern  Ridge 

Long  Toa  R.  & Coyote  Cr. 

116,200 

109,200 

10,400 

CFINR 

Foster 

S.  Santiaa  R. 

61,000 

33,600 

1,220 

AFINPR 

Green  Peter 

Mid.  Santiaa  R. . 

410,000 

333,000 

3,610 

ACFINPR 

Hills  Creek 

M.F.  Nil laaette  R. 

356,000 

249,000 

2,710 

ACFIMNPR W 

Lookout  Point 

M.F.  Wi 1 laaette  R. 

456,000 

349,400 

4,360 

ACFINPR 

North  Fork 

Clackaaas  R. 

18,600 

5,990 

350 

P 

River  Mill 

Clackaaas  R. 

12,200 

770 

- 

P 

Saith 

Saith  P. 

15,000 

9,900 

170 

P 

Tlnothy  Lake 

Oak  Grove  Fork 

65,710 

61,650 

1,400 

PR 

y A-pollution  abatement , C- conservation,  F-flood  control,  1-irrigation,  M-aunicipal, 
~ N-navigation,  P- power,  R-recreation,  W-industrial . 
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Operation  of  flood  control  reservoirs  generally  follows  a 
pattern  of  discharging  during  September  and  October,  if  not  evac- 
uated earlier  for  conservation  uses,  maintaining  active  capacity 
empty  during  November,  December,  and  January;  and  filling  during 
February,  March,  and  April. 

The  impoundments  have  variable  short-term  effects  on  river 
discharge.  The  changes  in  discharge  due  to  power  loads  are  abrupt, 
and,  on  weekends  when  less  power  is  required,  flows  may  be  low. 
Municipal  water  is  supplied  from  storage  during  the  summer,  princi- 
pally to  satisfy  lawn-watering  and  air-conditioning  needs.  Irriga- 
tion water  is  supplied  at  a fairly  constant  rate  from  April  through 
September.  On  the  other  hand,  recreation  use  requires  that  the 
water  be  retained  in  the  reservoirs  as  long  as  possible  during  the 
summer.  Flood  control  operation  causes  rapid  filling  of  reservoirs 
during  winter  floods,  with  steady  evacuation  during  a period  of 
about  10  days  immediately  after  each  flood. 

Diversions  Most  of  the  water  diverted  in  the  Willamette 
Subregion  is  for  power  and  irrigation.  Other  diversions  are  made 
for  municipal,  industrial,  drainage,  and  flood  control  uses,  and 
to  operate  fish  hatcheries.  Although  there  are  many  diversions  in 
the  subregion  the  quantity  of  water  involved  is  small.  Some  of 
these  are  listed  with  their  uses  in  table  318. 


Table 

318  - Stream  Diversions 

and  Uses  in  Nillaaette  Subregion 

Diversion  Uses 

River  Basin 

Power 

Irriaat ion 

Municipal 

Industrial 

Drainage 

Flood  Control 

McKenzie 

Carmen  Tunnel 
Smith  Tunnel 
Leaburg  Canal 
Malterville  Canal 

McKenzie  Ditch 

l.ong  Toa 

Amazon 

Diversion 

Channel 

Santiaa 

Lebanon  Ditch 
Santiaa  Canal 

Salem  Canal 

Brownsville  Ditch 
Sodoa  Ditch 

Peters  Ditch 

W.  Stay ton  Ditch 
Sidney  Canal 
Lacoab  Canal 

Lebanon  Ditch!/ 
Santiaa  Canal— 

Sale*  Canal— ^ 

Sodoa  Ditch!/ 

Coffee  L.  Cr. 

Seeley  Ditch 

Pudd i ng 

Lake  Labish 
Ditch 

Lake  Labish 
Ditch— 

Shelton  Ditch 

Tualatin 

Oswego  Canal 

Cub* mg*  Ditch 

Clackaaas  Faraday  Lake  Hub* 


Sandy  Roslyn  Lake  Fluae 

j/  Second  use  for  the  salae  diversion 
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Channel  Modification  Throughout  the  Willamette  River  and 
some  major  tributaries,  channel  modifications  in  the  form  of  levees, 
revetments,  channel  rectification,  and  dredging  have  aided  flood 
control,  reduced  erosion,  and  maintained  depths  adequate  for  navi- 
gat ion.  Revetments  of  large  stones  to  protect  river  banks  are 
numerous  in  the  reach  from  Salem  to  Eugene,  and  in  the  lower  Santiam, 
McKenzie,  and  Middle  Fork  Willamette  Rivers.  Dredging  is  accom- 
plished annually  in  the  Willamette  River  to  maintain  depths  for 
navigation.  Levee  systems  for  flood  protection  have  been  constructed 
along  portions  of  the  lower  reaches  of  rivers  near  population  centers, 
and  are  maintained  by  local  interests. 


Forecasting  Forecasting  is  used  in  flood  control  operations 
of  reservoirs,  flood  warning,  and  to  provide  a maximum  of  stored 
water  for  power  generation,  municipal  use  and  irrigation.  The 
Willamette  flood-warning  system  combines  Telemark  instruments  with 
both  telephonic  and  radio  transmission  from  numerous  locations  to 
a central  point  in  Portland.  The  Weather  Bureau  is  officially 
responsible  for  providing  a flood-warning  service  to  the  general 
public  at  times  of  major  flooding. 

Forecasts  of  seasonal  quantities  of  water  available  for 
storage  are  made  using  snow-survey  data,  precipitation  data,  data 
on  antecedent  conditions,  and  other  parameters.  The  information 
is  processed  by  digital  computer  and  updated  each  month  as  new  data 
are  obtained. 


Constraints  There  are  no  interstate  compacts  or  internation- 
al treaties  that  are  concerned  with  runoff  in  the  Willamette  Sub- 
region;  the  1961  treaty  with  Canada  concerning  the  Columbia  River 
will  have  only  indirect  effects  on  the  Willamette  River.  However, 
many  restrictions  are  involved  in  the  operation  of  the  Willamette 
Basin  reservoirs. 

The  first  consideration  is  to  maintain,  as  nearly  as 
possible,  sufficient  minimum  flow  to  satisfy  prior  water  rights. 

The  next  requirement  is  the  flow  of  water  advocated  by  the  Federal 
Fish  and  Wildlife  Service  and  the  Oregon  State  Fish  and  Game  Com- 
missions as  adequate  for  the  normal  resident  fish  population  and 
the  anadromous  fish  runs.  When  power  requirements  are  critical,  a 
higher  release  of  water  is  made,  unless  flood  conditions  are  also 
critical,  in  which  case  the  lower  flood  release  controls.  Should 
irrigation  demands  become  excessive  before  all  authorized  and 
recommended  reservoirs  are  built  in  the  Willamette  River  Basin, 
all  reservoirs  in  the  Willamette  system  could  be  required  to  furnish 
irrigation  water  to  the  possible  detriment  of  other  conservation 


needs.  Finally,  operation  for  navigation  requires  increased  flows 
during  the  low-water  season.  When  all  the  presently  authorized  and 
recommended  dams  have  been  constructed,  the  goal  is  to  maintain 
minimum  flows  of  5,000  cfs  at  Albany  and  6,000  cfs  at  Salem  in  75 
percent  of  the  years.  Maximum  rates  of  change  in  discharge  are 
also  specified  for  each  dam  in  the  Willamette  system. 


Water  Rights 

The  water  resource  inventory  areas,  as  defined  by  the  State 
of  Oregon  Water  Resources  Board,  are  shown  on  figure  565. 


Discharge 


A typical  Subregion  9 stream,  Willamette  River  at  Albany, 
Oregon,  shows  a base-period  (1929-58)  mean  discharge  equal  to  104 
percent  of  its  70-year  long-term  mean  (1896-1965).  Weather  records 
show  that  precipitation  in  Albany  during  the  base  period  was  97  per- 
cent of  the  long-term  mean  (87  years,  1879-1965).  Thus,  the  selec- 
ted base  period  provides  reasonably  average  data  for  statistical 
analysis. 


Measurement  Facilities  Table  319  summarizes  pertinent 
streamflow  data  for  19  sites  selected  for  detailed  study  in  Sub- 
region  9. 


Table  319  Streamflow  Summary  for  Selected  Sites 
Subregion  9 


Stream 

Station 

Station  Gage 
tamber  Datum 

Drainage  Period 
Area  of 

(to  «l) Record 

Annual  Flow1 
(cfs) 

Mean  Mae.  Min. 

Momentary  Flow* 
(cfs) 

Max.  Min. 

Sandy  liver 

Bull  Run 

1425 

200 

440 

30-65? 

2,302 

3,360 

1,368 

84,400 

45 

Mid.  Fk.  Willamette  1. 

Jasper 

1520 

513.45 

1,340 

53-65; 

3,916 

6,319 

2,130 

94,000 

366 

Coaat  Fk.  Willamette 

Coshen 

1575 

473.80 

642 

51  -653 

1,512 

2,700 

705 

58,500 

36 

McKensie  liver 

Coburg 

1655 

396.32 

1,337 

44-65, 

5,508 

8,242 

3,170 

88,200 

1,250 

Long  Tom  liver 

Monroe 

1700 

270.57 

391 

27-65J 

770 

1,534 

328 

19,300 

0 

Mery’s  liver 

Philomath 

1710 

218 

159 

40-65 

441 

759 

237 

13,600 

4.7 

Calapoola  liver 

Holley 

1720 

527.58 

105 

35-65, 

438 

662 

221 

12,600 

18 

Willamette  liver 

Albany 

1740 

167.18 

4,840 

96-65; 

14,111 

23,744 

7,646 

266,000 

1,840 

North  Sant lam  liver 

Niagara 

1815 

1093.78 

453 

39-65, 

2,102 

3,175 

1,424 

63,200 

19 

South  Sant  lam  liver 

Waterloo 

1875 

370.39 

640 

24-653 

2,856 

4,509 

1,741 

95,200 

96 

Santiem  liver 

Jefferson 

1890 

199.63 

1,790 

39-65? 

7,596 

11,722 

4,656 

197,000 

260 

Lucktamute  liver 

Suver 

1905 

171.92 

240 

39-65; 

903 

1,414 

462 

32,900 

13 

Willamette  liver 

Salem 

1910 

106.14 

7,280 

23-65J 

22,991 

36,334 

13,529 

348,000 

2,470 

South  Yamhill  liver 

Whlteson 

1940 

82.30 

502 

40-65, 

1,611 

2,944 

844 

47,200 

8.5 

Molalla  liver 

Canby 

2000 

104.00 

323 

63-65J 

1,135 

1,822 

638 

43,600 

20 

bidding  liver 

Aurora 

2020 

72.23 

479 

29-64 

1,215 

1,980 

695 

25,400 

26 

Tualatin  liver 

West  Linn 

2075 

85.61 

710 

28-65 

1,443 

2,643 

671 

29,300 

13 

Willamette  Hear 

Oregon  City  2077 

. 

10,008 

. 

29,900 

43,694 

17,660 

• 

. 

Cleckemee  liver 

Istacada 

2100 

296.93 

671 

08-65 

2,674 

3,710 

1,712 

86,900 

50 

1/  b|>Uul  nlm  for  kaaa  period  with  ulluud  1970  condition*  of  dovolopnont. 

1/  KatlM  and  nlalw  okaarvod  Uataataaaoua  value.  for  period  of  record. 

J/  Daaotae  other  abort  period.  of  record  prior  to  da tea  above. 
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Figure  565  Map  showing  water  resource  inventory 
areas  defined  by  the  State  of  Oregon  Water 
Resources  Board. 
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FIGURE  567 


Figure  567  shows  the  locations  of  the  selected  sites,  with 
Geological  Survey  identification  numbers.  The  first  two  digits 
of  the  identification  number,  part  number  14,  indicate  that  Sub- 
region  9 lies  within  the  area  designated  as  Part  14,  Pacific  slope 
basins  in  Oregon  and  lower  Columbia  River  Basin. 


Average  Discharge  for  Subregion  9 Figure  566  presents 
monthly  discharge  data  for  the  subregion  as  a whole.  The  discharge 
is  the  sum  of  the  Willamette  and  Sandy  River  flows  and  is  entirely 
generated  within  the  subregion.  It  reaches  a maximum  in  January, 
is  sustained  by  spring  snowmelt,  and  gradually  recedes  to  a minimum 
in  August.  The  flows  are  shown  in  table  320.  Isopleths  showing 
mean  annual  runoff  for  the  period  1931-60  are  shown  on  figure  567. 


Table  320.  Discharge  in  ITillamette  Subregion,  1929-58 
(Mean  discharge,  in  cfs) 


—m — 

Ho. 

T»r 

Jan 

res 

Mar  Apr 

-ffiy— 

Jun 

Jul 

Aug 

Sep 

Mean 

Subregion 

51.17 0 

125,065 

o 

IN 

•O 

IN 

130.22S 

108,190 

Maxi num 

105,070  88,160 

58,970 

58.815 

15,560 

11,095 

14,510 

74,271 

Subregion 

24.590 

77,645 

104,060 

108,425 

91.33S 

20  percent 
68,045  15,506 

46,545 

31,980 

12,780 

9, 57S 

11,225 

S3, 459 

Subregion 

19.S60 

49.371 

70,372 

74,011 

64,837 

Mean 

54,037  "TT7795 

33,480 

23,656 

9.991 

8,271 

9,499 

38,490 

Subregion 

11,945 

19#S9S 

31.9S0 

37.45S 

37,145 

80  percent 
55,855  51,990 

20,525 

15,175 

7.730 

7,145 

7,915 

21,869 

Subregion 

9,945 

12,885 

15,600 

20.76S 

24.19S 

Minimum 

17,830  11795s 

15,030 

9,295 

7,065 

6,870 

4,965 

13.365 

NOtt.:  f Subregion  discharge  is  tkat  which  originates  in  the  subregion 

2.  Twenty  percent  and  eighty  percent  represent  the  discharge  available  20  and  80  percent  of  the  tifte. 


Average  Discharge  for  Selected  Stations  In  this  section 
of  the  report,  detailed  data  are  presented  for  each  of  the  se- 
lected sites  listed  in  table  319,  plus  the  entire  subregion,  which 
includes  Sandy  River  and  all  other  subregion  discharges. 

The  monthly  discharges  presented  for  the  eight  stations 
Bull  Run,  Philomath,  Suver,  Whiteson,  Canby,  Aurora,  West  Linn, 
and  Estacada  are  available  in  Geological  Survey  Water-Supply  Papers 
1318  and  1738,  compilations  of  surface-water  records  in  Part  14. 

For  the  remaining  stations,  an  assumed  plan  of  reservoir  regula- 
tion has  provided  adjusted  flows  through  a computer  program. 

Records  for  most  of  the  sites  have  been  extended  by  correlation 
with  nearby  stations.  Since  most  of  the  sites  required  some  change 
in  records,  the  values  shown  in  tables  321  to  340  for  the  most  part 
have  been  termed  either  observed  or  modified  mean  discharges. 
Hydrographs  for  several  conditions  of  flow  at  the  selected  sites 
are  shown  on  figures  568  to  586.  Explanations  of  these  and  the 
succeeding  graphs'  are  in  the  Regional  Summary. 
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Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  587  to  605.  The  slopes  of  the  curves  from  one 
stream  to  another  are  very  nearly  the  same,  revealing  the  remark- 
able uniformity  in  variation  from  years  of  high  flow  to  those  of 
low  flow.  However,  the  spread  of  the  curves  from  1 -month  to  12- 
month  flows  is  highly  variable.  For  example,  the  western  tribu- 
taries generally  show  a wide  spread,  indicating  greater  short-period 
extremes  in  runoff  associated  with  less  infiltration  and  light 
snowpacks;  in  fact,  the  curves  for  Tualatin  River,  figure  603,  had 
to  be  shown  on  two  sheets.  On  the  other  hand,  curves  for  the 
McKenzie,  North  Santiam,  and  Clackamas  Rivers,  figures  590,  595, 
and  605,  are  close  together,  showing  the  regulating  effect  of  deep 
snowpacks  and  the  porous  volcanic  soils. 

Duration  curves  for  three  flow  conditions,  daily,  monthly, 
and  annual,  are  presented  in  figures  606  to  624.  The  monthly  and 
annual  discharges  used  are  those  of  tables  321  to  340,  but  the 
daily  flows  are  observed  for  the  period  of  record  as  provided  in 
the  Geological  Survey  daily  summaries.  Again  the  greater  varia- 
bility in  monthly  flows  is  depicted  for  west-side  tributaries. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
625  to  640.  Curves  for  both  regulated  and  unregulated  conditions 
are  presented  where  flows  are  modified  by  reservoirs,  the  station 
exhibiting  the  greatest  regulatory  effect  being  the  Middle  Fork 
Willamette  River  at  Jasper,  figure  626.  As  pointed  out  earlier, 
the  range  in  peak  flows  from  one  stream  to  another  is  fairly  con- 
stant, as  indicated  by  the  slopes  of  the  curves.  The  greatest 
variability  from  one  year  to  another  is  shown  for  the  Clackamas 
River  at  Estacada,  figure  640,  but  this  is  partly  due  to  the  longer 
period  of  record. 

Dependable  yields  of  the  rivers  in  the  subregion  are  given 
in  tables  341  to  359.  Each  table  shows  the  lowest  mean  flows  for 
from  one  to  ten  consecutive  years  in  the  30-year  base  period  and 
their  relationship  to  the  30-year  mean.  The  difference  between  any 
two  flows  is  a measure  of  the  reservoir  storage  capacity  required 
to  make  the  higher  flow  available.  The  west-side  tributaries  would 
require  relatively  more  storage,  with  the  Long  Tom  River  at  Monroe, 
table  345,  having  a minimum-year  flow  of  only  42  percent  of  the  30- 
year  mean.  On  the  other  hand,  the  minimum-year  flow  of  the  North 
Santiam  River  at  Niagara,  table  349,  is  67  percent  of  the  mean. 

The  average  minimum-year  discharge  is  56  percent  of  the  mean. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  in  figures  641,  642,  and  643  for 
a typical  Willamette  River  station,  west-side  tributary,  and  east- 
side  tributary.  The  annual  means  for  the  base  period  for  the  entire 
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period  of  record  are  shown.  Although  the  annual  precipitation 
for  a given  year  varied  from  the  mean  by  as  much  as  49  percent, 
the  5-year  moving  average  varied  from  the  mean  by  no  more  than 
24  percent. 

The  5-year  moving  averages  are  also  presented  in  order  to 
indicate  trends  more  clearly.  There  has  been  a general  decline  in 
precipitation  and  streamflow  from  1895  to  1945,  with  recovery  since 
then.  An  interesting  observation  for  the  Willamette  River  is  that 
streamflow  during  the  period  1945-60  was  much  greater  than  during 
the  period  1890-1905,  but  precipitation  during  the  recent  period 
was  less  than  during  the  earlier  period.  It  seems  the  percentage 
of  runoff  has  been  increasing. 

As  pointed  out  earlier  in  the  discussions  on  duration  curves 
and  frequency  curves,  the  variation  in  annual  flows  at  selected 
sites  during  the  30-year  base  period  is  relatively  small  and  uniform 
among  the  sites.  The  maximum  annual  discharge  is  generally  about 
3.0  times  the  minimum  annual  discharge,  ranging  from  2.2  for  the 
Clackamas  River  to  4.7  for  the  Long  Tom  River. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  of  figures  568  to  586.  Two  peaks  are  shown  for  the 
east-side  tributaries,  one  during  the  winter  and  the  othi  * in  the 
spring.  The  winter  peak  is  the  larger  and  is  due  primarily  to 
rainfall,  whereas  the  spring  peak  is  mainly  snowmelt  runoff.  For 
the  west-side  tributaries,  only  the  winter  rainfall  peak  occurs. 

The  low  runoff  months  are  July,  August,  and  September.  Streams 
with  deep  snowpacks  and  large  underground  reservoirs,  such  as  the 
McKenzie  River,  have  the  smallest  variations  in  monthly  flows. 


Streamflow  Travel  Time  With  the  cooperation  of  several 
Federal  and  state  agencies,  time-of-travel  studies  have  been  made 
for  a number  of  streams,  including  the  main  Willamette  River,  the 
Coast  Fork,  McKenzie,  North  Santiam,  South  Sant i am  and  Yamhill 
Rivers.  Plots  of  accumulated  time  in  hours  versus  river  mile  for 
various  discharges  are  shown  in  figures  644  to  649.  The  travel 
time  for  low  and  moderate  discharges  was  determined  by  injections 
of  rhodamine  B dye  into  the  river  and  detecting  the  leading  edge 
downstream  by  visual  observation  and  by  fluorometer  (optical  instru- 
ment) . The  resulting  velocity  was  reduced  about  10  percent  to 
obtain  the  average  particle  velocity  through  the  river  reach. 

High- flow  travel  time  was  determined  by  hydrograph  inspection 
and  flood  routing  computations  and  is  based  on  velocity  of  the  flood 
wave.  The  high-flow  travel  time  from  Salem  to  Oregon  City  in 
Willamette  River  is  25  minutes  per  mile;  low  flow,  148  minutes  per 
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mile.  Travel  times  in  minutes  per  mile  for  the  lower  10  miles 
of  all  six  rivers  are  as  follows: 


River 

High  Flow 

Low  Flow 

McKenzie 

12 

36 

North  Santiam 

- 

42 

South  Santiam 

12 

130 

Yamhi 11 

- 

300 

Coast  Fork 

18 

110 

Willamette 

54 

300 

River  Profiles  Profiles  for  selected  streams  are  shown  on 
figures  650  to  653.  The  profiles  were  constructed  from  Geological 
Survey  plan  and  profile  sheets,  topographic  maps,  and  data  from 
available  reports. 


(Narrative  continued  on  page  745) 


Table  321  - Observed  Mean  Discharges,  in  CFS,  Sandy  River  Below  Bull  Run  River  near  Bull  Run,  Oregon 
Water 


Year 

1928 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Mg* 

June 

July 

21b 

Aug . Sept . 
nk  165 

Annual 

1929 

895 

1770 

1925 

2040 

1295 

5940 

3420 

3305 

3695 

2425 

705 

440 

385 

1858 

1930 

380 

345 

2960 

1420 

2400 

1880 

2380 

1450 

520 

395 

350 

1670 

1931 

750 

1610 

1550 

2300 

1460 

4320 

4150 

1320 

1070 

605 

375 

385 

1660 

1932 

865 

2420 

1990 

3340 

2190 

6430 

3940 

3500 

1720 

765 

505 

405 

2340 

1933 

78* 

5320 

3490 

4100 

2250 

3260 

3540 

4390 

4890 

1210 

670 

1370 

2920 

1934 

1925 

2660 

9445 

6405 

1555 

3540 

2110 

1250 

725 

475 

395 

360 

2591 

1935 

1420 

41*65 

4820 

3015 

2540 

2570 

3045 

2785 

1235 

855 

475 

405 

2300 

1936 

430 

770 

1470 

6480 

2230 

3170 

3575 

3235 

1735 

770 

455 

455 

2068 

1937 

SI  5 

350 

2500 

790 

2025 

3630 

5175 

4325 

3155 

975 

535 

455 

2021 

1938 

870 

5130 

5235 

4295 

2290 

3510 

4560 

2595 

955 

555 

420 

385 

2567 

1 939 

435 

2440 

3150 

2695 

3355 

3455 

3035 

1835 

1700 

800 

435 

365 

1965 

19k) 

580 

620 

2830 

1505 

5155 

3925 

2775 

1630 

570 

410 

320 

360 

1711 

1941 

540 

2665 

2145 

2525 

1255 

995 

980 

2135 

1275 

530 

400 

970 

1368 

1942 

1405 

22J0 

4405 

1650 

3015 

2010 

2100 

2770 

2060 

1020 

505 

370 

1959 

1943 

455 

6785 

6770 

3710 

5245 

2935 

5015 

3225 

2470 

975 

590 

455 

3197 

1944 

1150 

1765 

1850 

1470 

2150 

2135 

2980 

2205 

1505 

620 

425 

500 

1559 

1945 

455 

IO85 

1255 

3785 

3970 

2565 

3940 

5040 

1295 

610 

445 

560 

2073 

1946 

44o 

3967 

5090 

4l80 

2890 

3315 

2795 

2945 

1810 

1140 

525 

420 

2458 

1947 

1790 

4145 

7080 

3700 

2875 

2370 

2665 

1055 

1745 

845 

470 

460 

2432 

1948 

3655 

5645 

2710 

4245 

4095 

2400 

2995 

37  30 

2060 

875 

635 

610 

2796 

1949 

1390 

3630 

4790 

1145 

3785 

3125 

4090 

5360 

1710 

830 

575 

625 

2577 

1950 

1500 

24$0 

3395 

3145 

4935 

4390 

3875 

4135 

3880 

1245 

655 

575 

2336 

1951 

2390 

5010 

4720 

5830 

4450 

2685 

3300 

3180 

1080 

630 

445 

395 

2834 

1952 

3030 

2385 

3710 

1635 

3760 

2430 

3250 

2900 

1585 

1045 

515 

390 

2214 

1953 

325 

295 

990 

8955 

5160 

2720 

2425 

3350 

2275 

815 

530 

435 

2344 

1954 

490 

2910 

6765 

3660 

4305 

2220 

3340 

2365 

3265 

1460 

690 

760 

2673 

1955 

1450 

1910 

2805 

2440 

2520 

1790 

3335 

4090 

4425 

1755 

685 

610 

2313 

1956 

2970 

6955 

6340 

5565 

2055 

3795 

3900 

3925 

2610 

890 

715 

545 

3360 

1957 

1875 

2245 

4900 

1345 

2535 

4905 

3995 

2455 

1275 

615 

465 

380 

2250 

1958 

565 

1495 

5635 

4040 

4480 

1755 

4660 

1565 

1255 

740 

470 

500 

2248 

Mean 

U86 

_2651 

3§22_ 

3280 

3192 

.3072 

3357 

2979 

lg73 

S°L_ 

S°L 

Table  322  - Modified  Mean  Discharges,  in  CFS,  Middle  Fork  Willamette  River  at  Jasper,  Oregon 


Water 


Year 

1953 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

10933 

Sept. 

sifr 

Annual 

1929 

2325 

4226 

1586 

3922 

2979 

2947 

3117 

1688 

3291 

1222 

2418 

1861 

2632 

1930 

2519 

3387 

4625 

3237 

4003 

2084 

1987 

1710 

2963 

1508 

3077 

2214 

2776 

1931 

2037 

1457 

1911 

2251 

1702 

2707 

2690 

1298 

2796 

1653 

2973 

2066 

2130 

1932 

1055 

22U2 

3136 

4987 

2972 

5922 

4551 

5469 

5897 

2017 

1607 

2134 

3499 

1933 

3432 

6930 

4971 

6891 

4602 

3435 

2005 

4123 

9846 

2761 

1755 

2469 

4435 

1934 

3512 

4704 

4710 

7461 

1292 

1298 

1640 

1847 

2425 

2317 

2940 

1110 

2938 

1935 

1388 

4194 

8711 

6448 

1758 

2791 

2169 

3275 

4887 

1678 

2235 

1616 

3429 

1936 

2955 

4860 

3011 

9776 

3296 

2577 

1720 

3026 

4023 

•1605 

2034 

1727 

3384 

1937 

3090 

4143 

2295 

1332 

4543 

4305 

4907 

4077 

7073 

2155 

161.5 

232U 

3488 

1938 

3889 

9974 

7141 

7631 

4654 

4982 

4396 

4402 

3903 

1625 

2707 

1815 

4760 

1939 

2508 

6264 

38  5 3 

3781 

3849 

3591 

1596 

1576 

3343 

1619 

3159 

2179 

3110 

1940 

2306 

3649 

3279 

2058 

2671 

3693 

1606 

1471 

2692 

2197 

3209 

1884 

2560 

1941 

2596 

3341 

3595 

4486 

1475 

1395 

1554 

1478 

2197 

1649 

3181 

1905 

2404 

1942 

1123 

3863 

9411 

4723 

2297 

1760 

1540 

2080 

3565 

1277 

2485 

21U2 

30 22 

1943 

2644 

11256 

13614 

12255 

2794 

2040 

4338 

30 22 

6532 

2412 

1812 

2340 

5421 

1944 

4288 

6947 

2102 

2796 

2073 

1502 

2137 

1505 

2865 

1471 

3285 

2013 

2749 

1945 

2844 

1886 

868 

4526 

2921 

2735 

4266 

5887 

3935 

1529 

2812 

1701 

2992 

1946 

23B9 

9288 

10733 

11256 

2593 

3925 

2022 

3586 

4586 

2063 

1659 

2265 

4697 

1947 

4133 

10277 

8857 

4370 

1703 

1946 

3782 

1726 

4276 

1906 

1809 

2454 

3936 

1948 

6138 

10504 

4329 

10105 

3273 

3833 

3439 

5164 

6453 

2311 

1907 

2600 

5004 

1949 

3995 

7538 

9730 

2694 

2906 

3898 

3890 

6618 

4207 

1749 

1617 

2228 

4256 

1950 

3878 

5275 

3389 

7333 

2933 

6138 

3940 

5017 

7190 

2632 

1758 

2354 

4320 

1951 

9007 

11851 

9602 

9648 

3474 

3373 

2689 

3777 

3292 

1627 

2303 

1692 

5211 

1 tv 

6533 

9090 

9758 

5338 

3889 

4“  13 

4945 

4884 

5309 

2679 

1817 

2479 

5126 

19“  \ 

1*06 

4 38  3 

2848 

14359 

7250 

33*1 

1943 

5819 

6830 

2568 

1912 

2484 

4762 

«78 

11525 

12784 

9106 

3581 

2101 

3890 

2394 

4865 

2096 

1778 

2390 

5032 

TTJO 

4976 

2955 

4584 

1545 

3002 

3955 

5534 

6712 

2443 

1604 

2394 

3619 

• fJb 

11305 

15490 

13710 

2579 

4244 

4784 

6053 

6082 

2478 

1868 

2517 

6319 

•> 

7112 

9201 

2621 

2916 

8717 

3300 

3178 

3597 

1684 

2027 

i860 

4317 

£r 

■TTC1 

9126 

K39 

KSm 

3244 

2035 

1688 

& X 

6 >61 

m&ta 

J!^_ 

■SHE 

2121 

3916 

703 


J 


Table  323  Modified  Mean  Discharges,  In  CFS,  Coast  Fork  Willamette  River  near  Goshen,  Oregon 


Water 


Year 

19^ 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

m? 

% i 

Cept. 

177 

Annual 

1929 

128 

250 

1119 

1713 

1688 

1766 

21*85 

572 

856 

566 

778 

177 

ion 

1930 

175 

70 

21*99 

1258 

3738 

606 

Ull 

557 

556 

1153 

217 

161 

953 

1931 

132 

810 

561 

1053 

512 

1727 

181*2 

321 

300 

811 

231 

130 

705 

1932 

338 

3605 

2769 

3153 

2183 

1211 

1963 

1219 

651 

175 

1133 

175 

1831 

1933 

262 

1115 

2311 

m3 

2903 

2506 

1311 

1922 

1190 

175 

1206 

235 

1632 

1931 

260 

231 

2001 

2853 

515 

565 

535 

112 

300 

172 

2**-) 

50 

708 

1933 

117 

2705 

3991 

3113 

1513 

1926 

2081 

551 

356 

217 

918 

182 

1528 

1936 

221 

705 

1029 

6293 

2153 

1266 

1112 

1027 

190 

312 

I0I9 

175 

1322 

1937 

175 

76 

126 

633 

2723 

3386 

1386 

1208 

1626 

259 

1285 

216 

1367 

1938 

507 

3295 

3011 

2753 

1133 

1526 

2112 

816 

300 

611 

583 

176 

1905 

1939 

186 

1066 

1321 

1583 

3083 

3516 

118 

339 

300 

609 

226 

782 

1071 

19I0 

217 

118 

1131 

1128 

3903 

2126 

713 

386 

300 

801 

219 

180 

935 

19H 

198 

H9I 

2131 

2083 

579 

175 

177 

533 

590 

1217 

326 

323 

872 

19**2 

259 

2605 

1151 

1933 

1813 

796 

113 

1581 

981 

505 

1068 

191 

1383 

19l3 

187 

3869 

8161 

5183 

3353 

1156 

1922 

552 

1111 

189 

1301 

212 

2311 

19U 

639 

1185 

59I 

1033 

1553 

9I6 

1701 

I07 

300 

1067 

236 

182 

820 

19 *>5 

111 

395 

381 

1783 

3268 

3116 

2881 

1676 

521 

789 

562 

188 

1307 

191*6 

192 

3635 

I60I 

1303 

2063 

3096 

657 

llo 

321 

183 

1013 

191 

1725 

19**7 

1*86 

3355 

3201 

1863 

2013 

2136 

1912 

329 

361 

2lo 

121 3 

217 

1119 

19W 

1939 

3305 

lflol 

5263 

3753 

2576 

1966 

1170 

713 

175 

1280 

301 

2015 

191*9 

352 

1615 

1569 

953 

1653 

2216 

901 

1567 

300 

202 

958 

•183 

1512 

1950 

316 

722 

1761 

5393 

1768 

1216 

1505 

1019 

627 

175 

1158 

l8l 

1823 

1951 

3757 

1717 

3617 

5722 

3781 

2631 

622 

583 

310 

193 

863 

178 

2267 

1952 

1191 

2629 

5686 

3399 

1099 

2653 

1236 

509 

675 

291 

1238 

199 

1981 

1953 

l8l 

150 

1711 

6703 

1587 

2509 

1028 

2163 

1329 

175 

1252 

225 

186P 

1951* 

138 

3627 

5192 

5772 

3150 

1009 

H78 

310 

117 

175 

1181 

238 

1911 

1955 

276 

139 

1573 

2151 

mi 

2821 

3391 

H55 

589 

175 

1250 

237 

1315 

1956 

599 

3115 

10121 

6533 

2623 

3356 

1679 

1328 

788 

189 

1293 

176 

2700 

1957 

1269 

1295 

2971 

1173 

3608 

1611 

1298 

606 

331 

278 

1016 

175 

1555 

1?58 

355 

.59° 

1939 

3813 

5228 

1136 

1151 

300 

525 

175 

1110 

185 

1651 

Mean 

526 

im 

3020 

3iBS 

2329 

“W 

' 881 

613 

421 

BB5 

195 

151? 

Table  324 

Modified  Mean  Discharges,  in 

CFS,  McKenzie 

River 

near  Coburg,  Oregon 

Water 

Year 

1925 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

2776 

Aug. 

3293 

Sept . 
1950 

Annual 

1929 

2250 

3105 

1688 

7097 

1816 

1758 

8189 

6886 

5570 

3576 

2213 

1786 

1603 

1930 

2385 

2321 

6188 

2977 

9833 

1723 

3517 

3910 

3177 

2915 

2275 

1752 

3858 

1931 

1897 

2121 

2828 

2857 

3255 

3551 

11609 

3152 

3231 

3012 

2230 

1711 

3I83 

1932 

2563 

5121 

6387 

10617 

6130 

11168 

9193 

7201 

6067 

3198 

3023 

2117 

636? 

1933 

2629 

5056 

5988 

11067 

8623 

8158 

3551 

7211 

10976 

1505 

3597 

2559 

6162 

1931 

3219 

3571 

y6o6 

10322 

1713 

3615 

6032 

2385 

2442 

2831 

2301 

1626 

1391 

1935 

2153 

6813 

10608 

8922 

6523 

7011 

6896 

5718 

3193 

3166 

2112 

2092 

5191 

1936 

2511 

3101 

2765 

13860 

6037 

6991 

6715 

6445 

1798 

3I0I 

2119 

1968 

5069 

1937 

2319 

23H 

2269 

2727 

8528 

6873 

12366 

8578 

8072 

I019 

3228 

2232 

5298 

1938 

2979 

8916 

10818 

11107 

9659 

11253 

8817 

7198 

3836 

3378 

2310 

1935 

6858 

1939 

2516 

1936 

5168 

5932 

7811 

6199 

1910 

3890 

3067 

3253 

2282 

1861 

1371 

19IO 

2168 

2188 

3123 

1107 

8153 

9061 

5550 

3189 

2200 

2731 

2201 

1811 

4001 

1911 

1867 

3261 

1853 

6572 

3638 

2700 

2892 

3170 

2135 

2688 

1996 

1970 

3170 

1912 

1961 

5633 

10536 

6512 

6155 

4211 

3227 

1372 

1717 

3537 

1983 

1886 

1591 

1913 

1856 

6397 

15253 

17827 

10363 

5028 

9697 

5926 

6851 

1099 

3569 

2100 

7139 

19II 

3691 

5631 

3823 

3902 

I029 

3866 

1289 

3396 

2163 

2611 

209S 

1837 

3180 

19l5 

1837 

2091 

1996 

6262 

9311 

6571 

7251 

7738 

3509 

3178 

2229 

1861 

1189, 

1916 

2177 

7707 

11123 

11992 

6039 

7831 

1861 

5353 

1376 

3031 

3056 

2159 

5831 

1917 

3590 

9111 

12173 

6692 

6165 

5769 

6937 

3261 

3951 

3028 

2697 

2313 

5513 

1918 

6799 

10021 

6068 

12362 

7912 

6323 

6265 

7131 

5115 

3231 

3395 

2563 

6185 

1919 

3590 

6166 

11503 

3897 

9251 

6969 

6167 

9797 

1169 

3296 

2990 

2397 

5899 

1950 

3125 

1516 

5123 

8527 

10351 

II60I 

7571 

7266 

7313 

3883 

3670 

2672 

6331 

1951 

7569 

13071 

11253 

13361 

10251 

6915 

6316 

6251 

3235 

3569 

2616 

2235 

7225 

195? 

6515 

7703 

11632 

6531 

9531 

6852 

7920 

6791 

5055 

3850 

3601 

2507 

6513 

1953 

27  y) 

2823 

3908 

18021 

13613 

6702 

5226 

7751 

6523 

3912 

37$1 

2183 

6159 

1951 

3271 

9379 

11182 

10701 

9813 

5386 

6873 

1322 

5010 

35H 

3699 

2831 

6609 

1955 

3568 

1136 

1777 

6622 

1261 

6068 

8226 

6951 

7158 

1276 

3660 

2656 

5223 

1956 

1620 

11151 

20703 

11222 

6117 

8111 

8118 

8801 

6108 

3805 

3809 

2708 

8212 

1957 

1170 

5611 

9863 

41*77 

7181 

12336 

6597 

1978 

3169 

3197 

2531 

2152 

5599 

1958 

3090 

3716 

12313 

11222 

12221 

5237 

6916 

5066 

1171 

2969 

3109 

2332 

6035 

Mean 

Ji*L 

56£6 

“SKT" 

8726 

jfran 

50!P* 

6769 

5635 

mr 

~w 

2039 

2i03 

~55O0 

704 


Table  32S  Modified  Mean  Dischargee,  in  CFS,  Long  Tom  River  at  Monroe,  Oregon 

Water 


Year 

1925 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

SSSL 

June 

July 

50 

Aug. 

50 

Sept. 

1197 

Annual 

1929 

71 

l4l 

869 

1492 

364 

178 

440 

164 

50 

50 

50 

1210 

423 

1930 

7*t 

50 

1822 

690 

1773 

236 

131 

104 

50 

50 

50 

893 

494 

1931 

85 

151 

204 

906 

241 

378 

655 

70 

50 

50 

50 

1102 

328 

1932 

91 

837 

2022 

2502 

753 

992 

488 

321 

54 

50 

50 

1221 

782 

1933 

71 

182 

1592 

2992 

1603 

962 

214 

446 

144 

50 

50 

1277 

799 

1934 

85 

78 

2209 

1900 

208 

178 

188 

69 

50 

50 

50 

427 

458 

1935 

106 

1*100 

2270 

2591 

361 

1099 

240 

145 

50 

50 

50 

1143 

792 

1936 

78 

132 

469 

4260 

903 

334 

177 

114 

50 

50 

50 

1179 

650 

193! 

65 

40 

78 

487 

3265 

566 

1964 

317 

337 

50 

50 

1318 

711 

1938 

105 

1982 

2722 

2334 

2644 

2625 

385 

134 

50 

50 

50 

1108 

1182 

1939 

73 

216 

693 

1045 

1650 

468 

96 

62 

50 

50 

50 

809 

438 

i94o 

66 

42 

358 

1007 

2492 

1124 

338 

23 9 

50 

50 

50 

1110 

577 

1941 

89 

373 

1279  - 

1696 

279 

174 

145 

92 

50 

50 

50 

640 

410 

1942 

81 

744 

3170 

1692 

1298 

167 

104 

132 

65 

50 

50 

807 

697 

1943 

119 

1920 

4202 

3837 

1468 

277 

909 

253 

103 

50 

50 

1295 

1207 

1944 

229 

400 

747 

877 

388 

183 

244 

125 

50 

50 

50 

9 &7 

361 

19**5 

6a 

205 

292 

987 

1618 

1442 

619 

375 

56 

50 

50 

1233 

583 

19^6 

80 

1390 

2657 

2557 

1203 

1197 

201 

100 

50 

50 

5° 

1145 

890 

19**7 

126 

1410 

1532 

847 

1068 

802 

665 

115 

93 

50 

50 

1320 

673 

1948 

984 

1105 

867 

3267 

1723 

932 

694 

663 

139 

50 

50 

1356 

986 

I9U9 

105 

655 

2552 

832 

2788 

492 

151 

267 

50 

50 

50 

1201 

849 

1950 

81 

265 

917 

4252 

2718 

15&7 

334 

176 

75 

50 

50 

1182 

974 

1951 

1170 

3165 

2002 

3712 

1748 

1267 

136 

105 

50 

50 

50 

1068 

1217 

1952 

ZIO 

1055 

3062 

2707 

1703 

312 

151 

50 

90 

50 

50 

1227 

894 

1953 

68 

50 

647 

4127 

1816 

847 

223 

692 

251 

50 

50 

1315 

845 

195** 

129 

900 

2702 

4347 

2068 

587 

658 

166 

101 

50 

50 

1320 

1090 

1955 

110 

365 

1122 

1552 

266 

702 

1518 

343 

76 

50 

50 

1296 

621 

1956 

2*iO 

1550 

6652 

4837 

1718 

1537 

171 

196 

65 

50 

50 

1342 

1534 

1957 

255 

220 

867 

727 

1413 

2337 

348 

293 

70 

50 

50 

1288 

660 

1??8 

no 

125 

2622 

2762 

3463 

477 

501 

246 

127 

50 

50 

1302 

?86 

Mean 

176 

705 

1776 

2261 

1533 

815 

*31 

215 

85 

50 

50 

1137 

770 

Table  326  Observed  Mean  Discharges,  in  CFS,  Marys  River  near  Philomath,  Oregon 


Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Annual 

1920 

;2D 

9 

12 

1929 

28 

150 

500 

690 

380 

895 

510 

270 

106 

37 

20 

10 

300 

1930 

12 

10 

810 

405 

1687 

368 

110 

150 

66 

27 

16 

12 

306 

1931 

27 

180 

275 

64o 

319 

868 

520 

70 

43 

27 

13 

11 

249 

1932 

1*0 

370 

750 

1135 

663 

2316 

505 

270 

90 

37 

20 

11 

517 

1933 

42 

625 

890 

ll4o 

785 

947 

425 

525 

301 

89 

25 

35 

486 

1934 

49 

131 

1525 

1370 

313 

553 

170 

95 

34 

21 

14 

10 

357 

1935 

134 

750 

1095 

935 

933 

589 

345 

175 

53 

32 

15 

10 

422 

1936 

28 

125 

360 

1870 

822 

579 

7J0 

260 

99 

46 

21 

15 

375 

1937 

12 

11 

300 

265 

1074 

1037 

1250 

425 

262 

76 

29 

16 

396 

1938 

54 

830 

12J0 

1200 

1184 

1342 

555 

195 

47 

24 

15 

n 

557 

1939 

22 

310 

720 

735 

1227 

1000 

190 

80 

84 

39 

18 

13 

370 

19**0 

35 

20 

575 

540 

1595 

742 

200 

115 

30 

18 

9 

14 

324 

1941 

35 

264 

606 

835 

322 

190 

217 

206 

72 

26 

15 

52 

23T7 

1942 

43 

346 

1338 

685 

1025 

250 

166 

203 

117 

51 

21 

14 

352 

1943 

18 

956 

1610 

1309 

1361 

512 

717 

172 

104 

4o 

24 

16 

565 

1944 

119 

198 

510 

533 

478 

371 

434 

166 

83 

28 

12 

11 

245 

1945 

15 

81 

157 

663 

1 122 

1070 

615 

396 

121 

41 

19 

23 

356 

1946 

19 

782 

1248 

1346 

1130 

869 

280 

107 

57 

32 

16 

15 

489 

1947 

72 

774 

1297 

555 

978 

614 

458 

104 

109 

45 

28 

24 

418 

1948 

568 

831 

511 

1465 

1194 

824 

701 

475 

125 

4c 

30 

21 

564 

1949 

37 

42^ 

1675 

460 

2398 

508 

217 

278 

72 

30 

14 

15 

499 

1950 

26 

203 

736 

1953 

1934 

1234 

447 

170 

75 

27 

14 

10 

562 

1951 

322 

1385 

1338 

2101 

1057 

1131 

272 

222 

74 

23 

11 

10 

662 

1952 

291 

692 

1599 

1214 

1227 

707 

251 

112 

61 

29 

11 

8 

516 

1953 

8 

22 

269 

2188 

1233 

842 

352 

349 

167 

55 

30 

19 

458 

1954 

55 

617 

1668 

1849 

1627 

647 

615 

129 

100 

49 

28 

29 

613 

1955 

59 

347 

707 

911 

644 

988 

999 

276 

96 

48 

19 

21 

425 

1956 

135 

iota 

2344 

2375 

1151 

1359 

436 

130 

63 

23 

13 

12 

759 

1957 

60 

120 

699 

309 

850 

1196 

487 

210 

92 

30 

14 

9 

344 

a Vs 

$6 

, 33 

WOO 

1086 

1§Z5 

534 

.617 

a? 

75 

20 

9 

12 

462 

80 

5 a_ 

— 3*9.- 

-~TO  . 
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8w 
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U- 

w- 

16 

TO 
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Table  327  Modified  Mean  Discharges,  in  CFS,  Calapoola  River  at  Holley,  Oregon 

Water 


Tear 

1920 

Oct. 

Hov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

M 

June 

July 

58 

Aug^  Sept. 

Annual 

1929 

55 

139 

354 

338 

271 

770 

680 

448 

231 

81 

k 2 

22 

286 

1930 

25 

10 

633 

177 

1201 

410 

170 

245 

142 

59 

35 

25 

261 

1931 

54 

171 

166 

310 

227 

745 

685 

86 

92 

59 

29 

23 

221 

1932 

80 

352 

581 

606 

472 

2365 

675 

448 

196 

81 

43 

24 

494 

1933 

85 

648 

707 

608 

559 

810 

595 

8o4 

654 

192 

54 

77 

483 

1934 

95 

120 

1354 

761 

223 

550 

280 

136 

74 

46 

30 

22 

308 

1935 

225 

792 

900 

485 

664 

570 

510 

287 

115 

69 

32 

22 

389 

1936 

55 

173 

275 

1591 

625 

572 

457 

419 

215 

82 

38 

36 

379 

19  37 

22 

19 

219 

156 

807 

963 

1276 

6o4 

534 

133 

53 

38 

398 

1936 

106 

1016 

1065 

923 

880 

1220 

757 

323 

97 

44 

26 

25 

538 

1939 

43 

392 

590 

522 

911 

922 

328 

121 

181 

69 

33 

31 

342 

1940 

68 

44 

463 

363 

1152 

713 

346 

197 

66 

35 

21 

34 

289 

19**1 

63 

480 

522 

696 

258 

190 

194 

272 

182 

77 

44 

117 

258 

1942 

145 

610 

1220 

556 

696 

398 

207 

346 

262 

111 

50 

31 

385 

1943 

43 

1278 

1862 

1142 

962 

447 

720 

250 

336 

111 

61 

36 

601 

1944 

199 

340 

314 

324 

461 

368 

515 

204 

121 

54 

30 

33 

246 

1945 

30 

143 

144 

598 

1123 

892 

882 

591 

162 

57 

33 

4l 

386 

1946 

30 

981 

1254 

1075 

736 

926 

392 

193 

107 

61 

34 

33 

484 

1947 

195 

927 

1136 

544 

682 

558 

613 

134 

266 

112 

62 

47 

437 

1946 

679 

869 

491 

1173 

961 

645 

663 

540 

183 

79 

51 

67 

532 

1949 

144 

558 

1265 

301 

1365 

753 

451 

554 

102 

47 

29 

32 

461 

1950 

94 

306 

550 

1026 

1303 

1170 

711 

500 

292 

87 

45 

35 

505 

1951 

322 

1385 

1338 

2101 

1057 

1131 

272 

222 

74 

23 

11 

10 

662 

1952 

291 

692 

1599 

1214 

1227 

707 

251 

112 

61 

29 

11 

8 

516 

1953 

824 

22 

269 

2188 

1233 

842 

352 

349 

167 

55 

30 

19 

458 

1954 

55 

617 

1688 

1859 

1627 

647 

615 

129 

100 

49 

26 

29 

613 

1955 

59 

347 

707 

911 

644 

988 

999 

276 

96 

48 

19 

21 

425 

1956 

135 

1048 

2344 

2375 

U51 

1359 

436 

130 

63 

23 

13 

12 

759 

1957 

60 

120 

699 

1389 

850 

1196 

487 

210 

92 

30 

14 

9 

344 

1958 

ft 

,93 

1122 

1086 

1875 

534 

617 

179 

75 

20 

9 

12 

462 
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im 
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Table  328  Modified  Mean  DlMharges,  in  CFS,  Willamette  River  at  Albany,  Oregon 

Water 


Year 

1920 

Oct. 

Hov. 

Dec. 

Jan. 

Feb. 

Mar. 

June 

July 

5004 

Au&. 

5005 

Sept. 

5000 

Annual 

1929 

5000 

8J76 

10577 

17876 

11847 

12986 

17262 

10354 

9884 

5000 

5000 

5000 

9930 

1930 

5345 

5985 

19684 

10039 

26392 

9425 

6639 

6889 

6694 

5190 

5177 

5000 

9371 

1931 

4393 

5315 

6430 

10014 

7239 

12133 

19627 

5293 

6206 

5108 

5000 

5000 

7646 

1932 

4334 

11879 

18484 

27677 

15223 

30980 

18612 

15431 

12759 

5023 

5362 

5644 

14283 

1933 

6664 

16164 

19238 

31596 

21933 

19593 

12056 

15930 

23191 

7329 

6191 

6611 

15541 

1934 

7381 

9U9 

26120 

29304 

8809 

7871 

9391 

5000 

5000 

5165 

5044 

3171 

10064 

1935 

4644 

19338 

31285 

26944 

13830 

16329 

13137 

10360 

8365 

5000 

5137 

5000 

13280 

1936 

6041 

9349 

8767 

45086 

16167 

13890 

U095 

11639 

9461 

5000 

5107 

5029 

12219 

1937 

5860 

6745 

5961 

6379 

25321 

19651 

29347 

15880 

18174 

6313 

5786 

6096 

12626 

1938 

7817 

29426 

30265 

30149 

27256 

30523 

18299 

13274 

7944 

5192 

5201 

5000 

17530 

1939 

5534 

13789 

14305 

15786 

21952 

18398 

7827 

6033 

6727 

5103 

5241 

5000 

10474 

1940 

5000 

6482 

10329 

11240 

24816 

19967 

9525 

6106 

5046 

5256 

5177 

5000 

9495 

1941 

5000 

10334 

16175 

19029 

7611 

5786 

5903 

5909 

5285 

5202 

5070 

4972 

8023 

1942 

3831 

15971 

36275 

19334 

16597 

8339 

5857 

9196 

9581 

5000 

5113 

5000 

11674 

1943 

5000 

29001 

52491 

91H0 

49748 

23686 

10398 

20592 

30460 

15243 

6347 

6265 

6231 

19621 

1944 

9507 

15391 

11184 

11665 

6041 

11008 

6439 

5804 

5068 

5182 

5000 

8619 

1945 

5000 

5000 

4365 

16309 

24592 

20634 

19300 

19070 

9157 

5339 

5220 

5000 

11582 

1946 

5000 

2U449 

35150 

39864 

17065 

23353 

9433 

9771 

9446 

5000 

5162 

5611 

15775 

1947 

8581 

26851 

33800 

16584 

17355 

14413 

17652 

6344 

9197 

5000 

5619 

6097 

13957 

10260 

1948 

19365 

33231 

10481 

18925 

40769 

21105 

19063 

167 11 

17537 

13785 

5754 

6173 

6711 

1949 

8373 

37550 

11439 

31635 

18411 

12683 

20662 

9561 

5000 

5146 

5845 

15415 

1950 

7491 

10746 

14390 

37069 

31762 

30498 

16244 

15297 

16819 

6981 

6298 

6361 

16662 

1951 

20859 

48633 

35456 

46944 

29622 

21313 

11693 

12440 

7524 

5000 

5156 

5000 

20803 

1952 

1481 8 

21341 

39215 

23604 

26492 

17368 

15550 

12200 

10155 

6767 

5976 

6144 

16633 

1953 

6492 

7571 

9380 

52524 

34622 

17183 

11&78 

9922 

14996 

19047 

16050 

6116 

6263 

6311 

15956 

1954 

7832 

26926 

45485 

39434 

21584 

26642 

8135 

10894 

5296 

5964 

6578 

17503 

1955 

7749 

11291 

12655 

10459 

16747 

24150 

15869 

15365 

6430 

5707 

6259 

12655 

1956 

10585 

gs 

71659 

56273 

19569 

24236 

17822 

17948 

14607 

6403 

6460 

6743 

23744 

1957 

10758 

28020 

12729 

20397 

38716 

15243 

11147 

7940 

11439 

5000 

5000 

5256 

14715 

1958 

7776 

10761 

34935 

34454 

39212 

14192 

155H 

11177 

5030 

5408 

6357 

16354 

■itkl 
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Table  J79 

— Modiried  Mean  Discharges,  in 

CFS,  North  Santlam  River  at  Niagara 

, Oregon 

Watc-r 

— 

ARll 

!&_ 

1177 

995 

106  IT 

1929 

2096 

3208 

1730 

1948 

1554 

2056 

1817 

1000 

1495 

1301 

1372 

1445 

1752 

” 1930 

1561 

1776 

2630 

1761 

1801 

1533 

1501 

1000 

1000 

1032 

1112 

1575 

1524 

1931 

1760 

1716 

1110 

161*0 

1260 

1908 

1569 

1000 

1015 

999 

1482 

1623 

1424 

1932 

1832 

2035 

2030 

2044 

1975 

2106 

2684 

3710 

2586 

1440 

1103 

1407 

2079 

1933 

1857 

1*998 

2230 

2420 

I960 

1991 

1000 

1563 

5162 

2036 

1266 

1495 

2330 

1934 

2395 

2998 

5630 

41*10 

1000 

1000 

1000 

1000 

1093 

1119 

1167 

1575 

2032 

1935 

750 

1*1*75 

351*0 

i960 

1000 

1000 

1000 

2483 

1828 

1248 

1079 

1058 

1785 

1936 

2031 

2723 

1871 

4129 

1919 

1861 

1000 

1263 

1708 

1193 

1073 

1411 

1850 

1937 

1617 

2253 

1761 

660 

1340 

2019 

1646 

2557 

3516 

1524 

1367 

1426 

1807 

1938 

1818 

5378 

3580 

3860 

1891 

1000 

1745 

3006 

1645 

1171 

1142 

1415 

2304 

1939 

1693 

3280 

21*81 

1917 

1909 

1760 

1000 

1056 

1343 

1114 

1097 

1419 

1672 

191*0 

1599 

2309 

2107 

1717 

1958 

2098 

1000 

1129 

1194 

1115 

1117 

815 

1513 

191*1 

1362 

3721* 

1985 

2428 

1000 

1000 

1000 

1000 

1000 

1051 

1092 

750 

1450 

19>*2 

750 

3311* 

1*385 

1913 

1000 

1000 

1000 

1000 

1000 

10 99 

1091 

1044 

1550 

191*3 

1936 

7023 

5721 

3564 

1408 

1639 

3618 

2493 

2658 

1831 

1330 

1303 

2677 

191*1* 

271*9 

361*0 

1755 

1536 

1000 

1000 

1000 

1000 

1000 

951 

1098 

818 

1462 

191*5 

1013 

2823 

955 

2462 

1964 

1164 

1906 

3734 

1361 

1047 

1097 

1009 

1711 

191*6 

1918 

1*336 

1*51*5 

4174 

1000 

1000 

1311 

3118 

2296 

1559 

1146 

1240 

2304 

191*7 

2772 

5718 

5650 

2593 

1000 

1144 

1467 

1333 

1587 

1264 

1094 

1223 

2237 

191*8 

uai.5 

5066 

1939 

4550 

1000 

1000 

1B05 

3705 

2657 

1498 

1249 

1404 

2578 

191*9 

2635 

1*215 

3227 

1057 

1000 

1790 

3158 

5478 

2403 

1497 

1219 

1309 

2416 

1950 

21*83 

3839 

2096 

2583 

1817 

3047 

2456 

3748 

4186 

2026 

1334 

1377 

2583 

1951 

1*101 

6811. 

1*351 

3829 

2067 

1000 

1983 

2607 

1486 

1247 

1206 

1172 

2655 

1952 

3651* 

1*212 

3231 

1541 

1242 

1140 

2981 

3421 

2173 

1673 

1223 

1278 

2314 

1953 

2011* 

2386 

1371 

7878 

2816 

1159 

1348 

3021 

2568 

1703 

1271 

1275 

2401 

195“* 

2363 

5031 

5837 

3415 

2077 

1388 

2527 

2439 

2666 

1722 

1297 

1506 

2669 

1955 

2733 

3576 

2032 

1803 

1000 

1000 

1000 

3058 

4493 

2175 

1305 

1360 

212C 

1956 

1*111 

6809 

7038 

5158 

1000 

1000 

1954 

3839 

2644 

1684 

1255 

1413 

3175 

1957 

2656 

36  56 

1*078 

1210 

1018 

3435 

2091 

2358 

1459 

1212 

1062 

1206 

2122 

3138 

4546 

4140 

2827 

1000 

2132 

2419  1729 

1303 

1148 

2324 

Table  330  Modified  Mean  Discharges,  In  CFS,  South  Santlam  River  at  Waterloo,  Oregon 


Water 

Year 

1920“ 

Oct. 

Hov. 

Dee. 

Jan. 

Feb. 

Mar. 

Apr. 

Maj* 

June 

July 

T34 

Aug. 

Sept 

"5oo 

Annual 

1929 

1472 

3303 

2623 

2932 

2149 

3753 

3325 

2235 

2189 

651 

996 

1071 

2225 

1930 

1501 

1379 

4257 

2117 

4652 

2147 

1730 

1535 

1079 

696 

744 

1154 

1916 

1931 

1830 

2350 

1393 

2692 

1435 

3857 

3351 

842 

800 

651 

1159 

1444 

1817 

1932 

954 

3042 

3473 

4821 

2814 

7644 

4056 

3576 

1822 

666 

600 

1027 

2874 

1933 

1748 

6743 

4823 

5242 

3342 

3691 

2288 

5472 

5850 

1271 

615 

1261 

3529 

1934 

2214 

3146 

8338 

6528 

1110 

3859 

1640 

1145 

800 

729 

751 

1250 

2459 

1935 

1138 

6750 

5878 

4207 

2359 

2318 

2966 

2224 

955 

600 

665 

600 

2555 

1936 

1798 

3088 

2172 

9165 

3015 

2641 

2098 

2000 

1413 

690 

650 

1065 

2499 

1937 

1474 

1771 

2032 

1581 

3386 

4027 

4812 

4668 

4041 

992 

1015 

1097 

2575 

1938 

1830 

8625 

6190 

6076 

3727 

4024 

4692 

2927 

934 

600 

697 

1016 

3445 

1939 

1535 

4101 

3984 

3206 

3653 

3572 

2000 

1052 

1256 

631 

729 

1032 

2229 

1940 

1621 

2129 

3448 

2589 

5157 

3737 

1474 

1117 

800 

715 

714 

600 

2008 

1941 

843 

5246 

3331 

4139 

1129 

952 

963 

1442 

1087 

715 

736 

616 

1767 

1942 

1141 

5133 

7262 

3532 

2443 

1558 

1078 

1696 

1336 

623 

667 

648 

2261 

19*3 

1754 

11159 

11520 

7U0 

4433 

2384 

4445 

1834 

2640 

906 

681 

756 

4135 

1944 

3090 

4222 

2001 

1961 

1774 

1652 

2073 

1252 

907 

634 

727 

600 

1741 

1945 

1114 

3073 

1071 

4368 

4800 

3323 

4021 

4494 

1048 

600 

710 

600 

2435 

1946 

1667 

7548 

7784 

6713 

2593 

3936 

2189 

2056 

1337 

740 

600 

720 

3157 

1947 

3U9 

8127 

8621 

3729 

1966 

2448 

3079 

905 

1550 

897 

694 

875 

3001 

1946 

6406 

8045 

3385 

7445 

3817 

2637 

3308 

3778 

1706 

706 

629 

989 

3571 

1949 

2751 

5526 

7350 

1540 

5339 

3800 

3123 

4856 

1141 

600 

600 

615 

3103 

1950 

2444 

4403 

3708 

5588 

5619 

6142 

3753 

3897 

3343 

1041 

631 

775 

3445 

1951 

5966 

9766 

6123 

8417 

4246 

2923 

2361 

2468 

800 

600 

668 

600 

3746 

1952 

4926 

5923 

6658 

3U3 

4297 

3141 

3396 

2573 

1643 

U51 

600 

722 

3178 

1953 

1652 

2057 

23II 

11734 

DOOO 

3005 

2349 

4247 

2612 

899 

633 

766 

3253 

1954 

2230 

7631 

10233 

7272 

U2k2 

1943 

3444 

1065 

2174 

848 

682 

1158 

3577 

1955 

2719 

3853 

3782 

3733 

1911 

2552 

4660 

4540 

3512 

1375 

682 

882 

2850 

1956 

4288 

9692 

12705 

9458 

2029 

3188 

4638 

3786 

2189 

787 

610 

735 

4509 

1957 

3079 

4368 

6971 

1820 

3733 

6529 

2860 

1746 

945 

600 

600 

670 

2827 

1958 

2088 

m a 

6803 

wsim 

& H 

1257 

1328 

668 

600 

709 

3129 

Maas 

2347 

5197 

5425 

— CoSi 

R&iB 

msm 

1781 

773 

m&U 

-m  ■ 

2fl5^ 

Ifcble  JJ1  Modified  Mean  Discharges,  In  CVS,  Santlaa  River  at  Jefferson,  Oregon 


Water 

Tear 

7m 

Oct. 

Bov « 

Dec. 

Jan. 

Feb. 

Mar. 

4££i 

esjL 

June 

July 

1529 

Aug. 

1560 

Sept 

lB35 

Annual 

1929 

1.186 

8361. 

7225 

7971 

5588 

10139 

9160 

6166 

5219 

2098 

2219 

2606 

5961 

1930 

3231 

3302 

11129 

5618 

11519 

6120 

I808 

1316 

2661 

1612 

1660 

2819 

5180 

1931 

1.030 

51*9 

1115 

7363 

1655 

11 165 

9137 

2781 

2227 

1565 

2121 

3153 

1892 

1932 

3555 

7600 

9225 

11796 

7871 

20050 

11368 

10758 

6183 

2312 

1573 

2520 

7902 

1933 

I291 

1693*. 

11775 

13013 

8717 

11112 

7805 

11817 

16056 

1008 

1852 

36  W* 

9263 

1931* 

5713 

7681 

23275 

18263 

3750 

6675 

1882 

3318 

21I5 

1657 

1681 

2887 

6827 

1935 

3717 

165< 

15575 

10213 

7600 

6973 

7265 

7012 

3182 

1921 

1516 

1723 

69 66 

1936 

1*302 

70 t 

6052 

23061 

8583 

8733 

6731 

6297 

1191 

1968 

1503 

2562 

2675 

6756 

1937 

3226 

ltl3o 

6059 

3169 

8215 

11922 

13320 

11602 

10738 

2713 

2261 

6671 

1938 

I690 

20171 

16150 

16113 

9662 

11175 

11737 

8696 

3136 

1613 

1591 

2512 

8990 

1939 

3521 

10012 

10620 

8512 

10208 

10781 

5869 

3338 

3526 

1732 

161I 

25SO 

6026 

1910 

3736 

1911 

9595 

6863 

15767 

11 301 

5265 

3863 

2086 

1551* 

1563 

1519 

5671 

19ll 

2835 

12771 

90 20 

10173 

3725 

3135 

3000 

1390 

2921 

1628 

16 10 

2221 

1811 

1912 

3011 

12101 

1B520 

8633 

7692 

1810 

3561 

5282 

3950 

2011 

1587 

1721 

6095 

1913 

3879 

25719 

25192 

17898 

13127 

6509 

13279 

5990 

6683 

2923 

i860 

2117 

IOI36 

19H 

7150 

9611 

5865 

5638 

5685 

I896 

6115 

3690 

2518 

1382 

1538 

1518 

1656 

1915 

2372 

7071 

3200 

10863 

12137 

9091 

9836 

12298 

3117 

1111 

1580 

1026 

6261 

1916 

3833 

16929 

laioo 

17153 

7819 

10371 

5959 

6621 

1371 

2133 

H95 

2065 

8121 

191*7 

7016 

19081 

21960 

10133 

7185 

6738 

8013 

2960 

1607 

2181 

1797 

2389 

7893 

19«  15569 

19339 

8570 

1^513 

10060 

7689 

8955 

10619 

5186 

2221 

1811 

2717 

9379 

19^*9 

6181 

13111 

18300 

1333 

15788 

9715 

9179 

H509 

1183 

2031 

1663 

2150 

8151 

1950 

5871 

10559 

10I60 

15658 

15992 

16271 

10531 

10883 

9102 

3359 

1888 

2366 

9137 

1951  11512 

25009 

17095 

21893 

12857 

8139 

7001 

7273 

2519 

1637 

1651 

1833 

10118 

1952  11763 

13861 

16735 

8103 

11617 

8139 

9296 

7760 

5010 

3581 

1658 

2052 

8328 

1953 

3817 

1631 

5605 

31930 

18122 

8179 

5981 

10688 

7285 

2591 

1021 

2171 

8569 

1955 

5225 

17869 

26225 

18333 

12797 

6291 

10055 

1568 

6839 

3117 

2001 

3019 

9700 

1955 

6445 

9511 

9815 

9733 

6055 

7658 

11115 

11117 

9926 

1166 

1072 

2369 

7509 

1956  10857 

23519 

32157 

21101 

6185 

97I8 

10266 

10132 

6599 

2579 

1765 

2131 

11722 

1957 

6859 

10161 

16175 

5106 

9712 

17091 

8206 

5907 

3271 

1013 

1551 

1816 

7331 

1958 

1*52 

8109 

21180 

17523 

11897 

1813 

10120 

1853 

3979 

1999 

15‘*7 

2022 

8010 

JKZ- 

TEST" 

H323S 

" 1ST 

9221 

53BT 

MRS 

BB1E ■ 

■ SEL 

ansa 

Table  332  Observed  Mean  Discharges,  In  CFS,  Lucklaaute  River  near  Suver,  Oregon 

Water 


Year 

153? 

Oct. 

Bov. 

Dec. 

Jan. 

Feb. 

Mar. 

iE£i 

Ss* 

June 

Aug. 

ibO 

Sept. 

IbO 

Annual 

1929 

90 

1200 

1160 

1635 

960 

800 

2100 

310 

210 

id 

33 

30 

724 

1930 

60 

50 

1210 

1010 

3850 

925 

710 

650 

106 

18 

33 

33 

883 

1931 

55 

230 

370 

1525 

875 

1510 

1600 

250 

172 

72 

19 

42 

563 

1932 

215 

1520 

1650 

2650 

1500 

2810 

1260 

310 

100 

13 

30 

25 

1019 

1933 

80 

1250 

3100 

3010 

2360 

2160 

780 

1660 

112 

76 

39 

150 

1259 

1931 

325 

500 

5250 

3150 

655 

965 

570 

270 

80 

33 

28 

26 

988 

1935 

133 

2160 

2300 

1990 

920 

1706 

7C9 

269 

90 

51 

35 

36 

910 

1936 

51 

227 

721 

3980 

1161 

1157 

510 

521 

228 

90 

•*3 

35 

752 

1937 

31 

37 

838 

1080 

26ll 

1125 

2500 

538 

612 

207 

68 

11 

850 

1938 

131 

2110 

3370 

2060 

1935 

2313 

911 

277 

101 

18 

32 

32 

1135 

1939 

55 

162 

1030 

1130 

3329 

1128 

310 

116 

106 

58 

32 

29 

635 

1910 

95 

115 

1510 

1210 

3150 

1607 

710 

721 

126 

55 

32 

37 

781 

1911 

70 

131 

1072 

1771 

661 

391 

353 

39I 

135 

56 

38 

165 

162 

191*2 

ns 

720 

2580 

1321 

1911* 

575 

330 

358 

210 

111 

56 

36 

693 

1913 

16 

2101 

3358 

2163 

267I 

871 

I65I 

373 

231 

102 

61 

13 

1151 

19U 

285 

116 

1173 

1153 

1052 

789 

823 

326 

205 

70 

42 

31 

532 

1915 

4l 

271 

I5I 

1638 

2268 

179*. 

1119 

689 

219 

76 

16 

00 

718 

1916 

11 

1569 

2638 

2725 

2129 

1781 

655 

227 

131 

105 

13 

17 

1003 

1917 

26  2 

1795 

2971 

1276 

189I 

1228 

711 

206 

275 

90 

66 

66 

900 

1918 

121 1 

1386 

917 

2380 

2138 

1573 

1135 

900 

213 

96 

58 

19 

1001 

1919 

115 

885 

3291 

870 

176 9 

1152 

170 

617 

150 

71 

13 

15 

1022 

1950 

92 

786 

1712 

3390 

337 14 

2581 

969 

353 

131 

57 

40 

31 

mfl 

1951 

562 

2662 

2710 

3786 

2101 

1719 

556 

lie 

151 

66 

31 

33 

1233 

1952 

767 

1211 

2579 

1805 

2515 

1196 

600 

216 

123 

56 

27 

22 

923 

1953 

20 

57 

761 

1627 

2391 

1138 

675 

703 

316 

100 

60 

19 

932 

195* 

153 

1283 

3038 

2958 

3180 

1235 

1215 

270 

256 

117 

58 

68 

1113 

1955 

156 

676 

1212 

1520 

1202 

1690 

1017 

563 

178 

103 

13 

61 

771 

1956 

177 

2366 

3850 

1727 

1570 

2521 

898 

257 

121 

19 

20 

31 

llll 

1957 

163 

309 

1360 

687 

1530 

2179 

810 

366 

178 

72 

41 

29 

610 

ffiL 

66 

K/ffl 

ESTa 

3»l 

Ena 

m 



26 

?2fe 

Mmo 

225 

533o 

mu-m 

JaL. 

KUrJi 

HEI 

42 

58 

ZM 

Table 

33S  Modified  Mean  Discharges, 

in  CFS, 

Willamette  River  at  Salem, 

, Oregon 

Water 

Year 

, 1955 

Oct. 

Hov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

hsl 

June 

July 

6000 

Aug. 

“Jooo 

Sept. 

7019 

Annual 

i 1929 

9111 

17505 

19400 

29592 

22352 

21038 

25899 

15350 

152U0 

6083 

64o6 

7800 

16315 

W 1930 

9071 

9941 

33173 

17548 

45160 

16535 

12919 

12161 

9708 

6000 

6000 

7811 

15502 

1931 

8762 

10765 

11500 

19572 

13713 

22891 

37072 

9133 

8315 

6000 

6671 

7965 

13529 

1932 

7571 

21706 

31354 

45626 

23961 

51393 

30823 

24670 

18060 

6767 

6290 

7896 

23009 

1933 

11122 

32039 

33700 

50472 

34493 

33018 

19269 

26445 

37312 

11007 

7095 

9990 

25496 

1931* 

12798 

18264 

59110 

52372 

13531 

14606 

16463 

9974 

6575 

6000 

6000 

6000 

18474 

1935 

8157 

38574 

53005 

43322 

23537 

27338 

21856 

18280 

12118 

6457 

6000 

6659 

22108 

1936 

10588 

17039 

16035 

78657 

27839 

24118 

17782 

18191 

13887 

6373 

6000 

7616 

20343 

1937 

9538 

11446 

12571 

11873 

41499 

33209 

49170 

27082 

28662 

9091 

7455 

3810 

20450 

1938 

12602 

54647 

54450 

53917 

43201 

48899 

30543 

21702 

10485 

6000 

6000 

7352 

29149 

1939 

9090 

23891 

25160 

26118 

37  358 

31033 

13414 

8706 

9583 

6000 

6000 

7505 

16987 

1940 

8831 

11628 

21949 

21338 

47206 

36702 

16698 

10649 

6677 

6000 

6000 

6444 

16676 

1941 

7925 

23453 

28865 

34602 

13149 

9913 

9241 

10799 

6044 

6000 

6000 

7136 

13760 

1942 

7140 

30100 

62045 

31477 

28207 

14504 

10076 

14644 

13507 

6434 

6000 

6641 

19230 

1943 

9019 

55315 

83238 

73696 

41101 

17417 

36904 

16801 

21071 

8349 

7445 

8492 

31569 

1944 

17337 

26734 

17915 

20097 

20583 

15112 

19426 

11134 

8581 

6000 

6000 

6343 

14605 

1945 

7U32 

12884 

8795 

31702 

42382 

34618 

31904 

33053 

12299 

6000 

6000 

6786 

19487 

1946 

8948 

42763 

57090 

65202 

26687 

38007 

16480 

16557 

13497 

6823 

6052 

7511 

25634 

19<*7 

15727 

49134 

64470 

31457 

31374 

23936 

27926 

9669 

13349 

7016 

6841 

8392 

24107 

191*8 

39129 

59994 

29305 

63702 

34068 

3004? 

27043 

28356 

18276 

7178 

7392 

9318 

29483 

191*9 

15011 

32164 

60660 

18082 

54481 

29716 

21560 

34496 

13405 

6361 

6o64 

7875 

24989 

1950 

13867 

21839 

27220 

58742 

52572 

53808 

30453 

26955 

26181 

9740 

7306 

7938 

20051 

1951 

31641 

78646 

56971 

72657 

45417 

33887 

19595 

19908 

9748 

6052 

6000 

6618 

32260 

1952 

27026 

37324 

63410 

37452 

45877 

29126 

27016 

21490 

15320 

10702 

7003 

8111 

27487 

1953 

10379 

12309 

17160 

94329 

60312 

29893 

18736 

31825 

24820 

8727 

7732 

8667 

27073 

1954 

13792 

46899 

79035 

64277 

48102 

21107 

26574 

12528 

17068 

8018 

7480 

9846 

29559 

1955 

14773 

21779 

23225 

34112 

17712 

24871 

37088 

26171 

23576 

9866 

7064 

8603 

20736 

1956 

21247 

58309 

97010 

89049 

30167 

38058 

29426 

28010 

20571 

8499 

7495 

0189 

36334 

1957 

16676 

27866 

44561 

18652 

30122 

60220 

25053 

17266 

11310 

6142 

6188 

7071 

22593 

1958 

12820 

18625  6o44l 

■57* m 

21135 

26725 

15216 

14030 

m-  7m 

V - li 

0091 

25009 

— i t WX >7arv«>i>r-. L X >— C>V.> «■» fl»  »>^— .vw^— f/Al.-— 


Table  334  Obaervad  Mean  Discharges,  in  CFS,  South  Yamhill  River  near  Whiteson,  Oregon 

Hov.  Dec.  Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Annual 

161  61  450 

90  7 36  2153  2240  139  3 2493  1750  929  340  100  45  34  1025 

45  80  3045  1153  5303  1360  570  857  260  79  44  33  1069 


Water 

Year  Oct. 
1920 

1929  < 

1930  l 


Table  337 

Observed  Mean  Discharges,  In  CFS,  Tualatin  River  at  West 

Linn,  Oregon 

Water 

Tear 

I53J 

OCt  a 

Hoy. 

Pee. 

Jan. 

Feb. 

Mar. 

4ell 

MH_ 

June 

Se^ 

Annual 

1929 

118 

1*36 

1230 

2350 

1080 

1120 

1700 

601 

310 

151 

23 

18 

761 

1930 

36 

57 

817 

669 

3710 

1150 

593 

552 

212 

69 

22 

16 

671 

1931 

*3 

178 

272 

1710 

H90 

2150 

3290 

102 

191 

65 

12 

22 

812 

1932 

133 

1370 

3000 

53B0 

2180 

3590 

2180 

703 

262 

118 

39 

9 

1600 

1933 

36 

1060 

3580 

5230 

2880 

1530 

1670 

1060 

587 

211 

12 

92 

1750 

1931 

179 

II7 

7686 

5109 

1612 

1271 

998 

589 

156 

19 

18 

27 

1551 

1935 

317 

1121 

1839 

5085 

2816 

3111 

1780 

529 

218 

78 

21 

' 26 

1911 

1936 

60 

168 

5I0 

6159 

2071 

2731 

1136 

566 

103 

127 

35 

30 

1197 

1937 

29 

10 

691 

933 

1390 

3151 

3612 

810 

122 

168 

59 

68 

1179 

1936 

86 

2051 

5H1 

5635 

1101 

1133 

1791 

508 

lBo 

69 

36 

12 

2016 

1939 

78 

115 

1002 

2055 

1136 

1731 

521 

175 

100 

33 

8 

18 

836 

19IO 

1*9 

66 

1595 

2109 

5511 

3257 

1552 

10U 

225 

13 

12 

21 

1301 

19H 

83 

126 

1862 

3501 

1615 

710 

506 

111 

179 

10 

17 

91 

788 

19U2 

13B 

686 

1599 

2000 

3961 

1031 

51*» 

196 

321 

105 

28 

10 

1113 

1913 

21 

2520 

1915 

1171 

5217 

1173 

3535 

519 

328 

107 

11 

25 

1887 

19« 

179 

379 

1067 

1725 

1896 

1256 

1070 

196 

219 

12 

11 

13 

693 

19H 

26 

279 

371 

1565 

3**53 

3755 

1780 

772 

282 

52 

15 

69 

1020 

1916 

16 

1677 

3801 

5110 

1696 

3235 

1297 

121 

228 

85 

13 

15 

1707 

1917 

100 

1615 

1779 

1773 

1090 

1899 

967 

215 

192 

56 

29 

15 

1297 

1918 

859 

i960 

1611 

1899 

3172 

3071 

2053 

1868 

122 

127 

63 

61 

1682 

191.9 

126 

1176 

5195 

1519 

7092 

3290 

929 

653 

l60 

52 

21 

21 

1657 

1950 

77 

581 

2003 

I950 

5561 

5382 

2153 

563 

209 

59 

21 

20 

1779 

1951 

115 

3022 

1521 

6115 

1891 

3019 

1035 

180 

180 

59 

30 

16 

2001 

1952 

581 

H36 

5061 

3111 

1673 

2613 

1112 

112 

233 

96 

27 

15 

1612 

1953 

52 

126 

685 

6185 

1587 

2216 

1395 

971 

552 

171 

71 

83 

1137 

1951 

212 

993 

■>538 

5931* 

7111 

2623 

1555 

136 

336 

153 

58 

136 

2001 

1955 

208 

1220 

1988 

3103 

2168 

2335 

2909 

1008 

290 

178 

65 

76 

1313 

1956 

187 

3360 

8769 

7981 

2869 

1825 

2262 

509 

261 

81 

52 

90 

2613 

1957 

222 

58l 

1562 

llll 

2133 

I965 

1666 

621 

258 

79 

60 

15 

1106 

' a 

119 

326 

2665 

1181 

6121 

* ■ 

2107 

360 

101 

18 

16 

><:.  Vi 

Water 

Year 

1550 

Table  338 

Modified  Mean  Discharges,  In 

CFS,  Willamette  River  at  Oregon  City,  Oregon 

Oct. 

Mov. 

Dec 

Jan. 

Feb. 

Mar. 

Hii 

June 

July 

5^*0 

Aug. 

5523 

Sept . 

7lW 

Annual 

1929 

10011 

21890 

27825 

11512 

28597 

26708 

38178 

19231 

17013 

5708 

5691 

7905 

21021 

1930 

9166 

10396 

13518 

23013 

67110 

21395 

17368 

16812 

10933 

5II5 

5295 

7971 

20173 

1931 

9317 

13235 

11310 

29162 

19623 

35101 

51016 

10619 

9270 

5615 

5971 

8125 

17935 

1932 

9081 

32516 

16589 

67166 

36316 

73803 

12117 

28151 

19060 

6227 

5610 

7986 

31271 

1933 

11922* 

12591 

51330 

73657 

19628 

52593 

27208 

31881 

12527 

10902 

6520 

0020 

31551 

1931 

11813 

22521 

96125 

76632 

10621 

2.3281 

22117 

12975 

6055 

5315 

5275 

6130 

25913 

1935 

10667 

55759 

72055 

62002 

33512 

10733 

29600 

21216 

12I93 

5977 

5215 

6829 

29670 

1936 

11268 

18929 

20325 

98051 

38111 

31313 

23161 

22857 

15817 

6178 

5350 

7836 

25235 

1937 

9868 

11906 

18 101 

17058 

6198I 

16619 

69171 

32373 

32397 

9211 

692c 

9165 

27066 

1938 

Il0i7 

73882 

79930 

70532 

61211 

69501 

10037 

25038 

10850 

5325 

5255 

7177 

38666 

1939 

9690 

28816 

32750 

37723 

56113 

11613 

16733 

9812 

10353 

5150 

5220 

7635 

21052 

1910 

9601 

12163 

33729 

30808 

72101 

52192 

21802 

11965 

6857 

5210 

5210 

6651 

22882 

1911 

9015 

29138 

39255 

18137 

18891 

13553 

11960 

Hl25 

9009 

5390 

5310 

8111 

17660 

1912 

8715 

36290 

81500 

11237 

13512 

19071 

13085 

18850 

15832 

6119 

5135 

6771 

25017 

1913 

9159 

7HlO 

100202 

91561 

61801 

21322 

52850 

20272 

23216 

8209 

6985 

8752 

10611 

1911 

20157 

30751 

21915 

20877 

29398 

21597 

25915 

13630 

9531 

5395 

5275 

6198 

18197 

1915 

7852 

15219 

11560 

11637 

59187 

511 18 

12608 

10719 

13611 

5160 

5360 

7136 

25179 

1916 

9523 

55188 

76865 

88107 

17132 

51907 

23031 

19073 

11107 

6690 

5127 

7761 

31031 

1917 

17712 

6176 1 

86610 

11717 

16129 

32901 

35082 

11135 

15209 

6906 

6361 

8717 

30085 

1918 

10191 

71209 

38690 

86172 

50273 

11102 

37832 

36862 

19911 

6908 

6972 

9788 

38375 

1919 

16686 

11711 

85010 

25122 

88I70 

12781 

27809 

10562 

11130 

5876 

5111 

3155 

33061 

1950 

15067 

26809 

39635 

85037 

79782 

75513 

10162 

31626 

28251 

9150 

6716 

3168 

36879 

1951 

37551 

102261 

77556 

100106 

65187 

19122 

25091 

23219 

10133 

5392 

5165 

6718 

12313 

1952 

32196 

16529 

85230 

51182 

67117 

11168 

33135 

21551 

16520 

11107 

6378 

3221 

31910 

1953 

106 19 

12899 

22530 

99618 

81812 

12663 

25855 

38191 

28525 

8677 

7317 

3977 

31891 

1951 

15107 

56889 

100159 

90107 

71 332 

31127 

36586 

11871 

19678 

8368 

7135 

10186 

30803 

1955 

16753 

28161 

31265 

17112 

27112 

36931 

53632 

32152 

25996 

10161 

6589 

90I3 

27127 

1956 

26612 

78389 

97010 

101173 

13197 

59583 

39680 

31756 

22212 

8112 

7260 

8172 

13691 

1957 

18677 

31999 

53965 

25067 

12912 

82570 

33631 

20999 

12870 

6118 

6011 

7137 

28503 

PEJ 

■REE 1 

K£33 

87111 

SSB1 

18131 

15159 

6189 

S3E1 

3299 2J11J 

Msan 

KUEJ 

mm^a. 9 

mivm 

29900 

f 
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Table  338 

Modified  Mean 

Dischargee,  in 

CFS,  Clackaaas  River 

at  Estacada, 

Oregon 

Water 

Year 

19^ 

Oct. 

Nov. 

Dec . 

jfo. 

Feb. 

Mar. 

*2 

June 

July 

II3o 

% 

Sept. 

021 

Annual 

1929 

960 

1895 

2235 

2125 

1335 

2965 

3395 

6390 

3030 

1220 

870 

775 

2101 

1930 

775 

960 

3575 

1690 

5625 

2330 

2005 

2375 

1630 

865 

695 

670 

1881 

1931 

760 

1665 

1500 

2185 

1760 

6385 

6980 

1665 

1165 

870 

765 

730 

1866 

1932 

970 

220b 

2680 

3625 

2655 

6015 

3980 

3925 

2515 

1115 

830 

725 

2553 

19  3 

1015 

6250 

3025 

3335 

2065 

3095 

3651 

6390 

5830 

i860 

1060 

1150 

2890 

1936 

1380 

1870 

6930 

6070 

2185 

3185 

2670 

1610 

1100 

890 

760 

690 

2593 

1935 

1670 

3965 

6170 

3065 

3070 

2690 

3260 

3760 

2215 

1225 

855 

765 

2539 

1936 

925 

1665 

1800 

6560 

2585 

3110 

3870 

3905 

i960 

1125 

880 

855 

2617 

1937 

775 

935 

1955 

990 

1855 

3665 

5565 

5615 

6365 

1555 

1010 

910 

2396 

1936 

1215 

6965 

5370 

5185 

2955 

6200 

6850 

6065 

1965 

1120 

915 

855 

3137 

1939 

935 

2110 

3135 

2610 

2570 

3760 

3690 

2695 

1750 

1055 

820 

770 

212b 

I960 

905 

1000 

2960 

1915 

5560 

6600 

3305 

1990 

1000 

785 

700 

720 

2100 

1961 

955 

2765 

2710 

2885 

1790 

1615 

1505 

2625 

1395 

825 

710 

965 

1712 

1962 

1155 

2505 

5365 

2320 

3320 

2220 

2290 

2625 

i960 

1075 

790 

660 

2189 

1963 

730 

5960 

6565 

6395 

6995 

3385 

6030 

3835 

3275 

1630 

1165 

976 

3575 

1966 

1695 

2220 

2200 

2165 

2125 

2160 

2565 

2225 

1650 

860 

685 

725 

1755 

1965 

710 

1635 

1310 

2865 

6395 

2915 

3920 

5175 

1760 

935 

770 

865 

22b  1 

1966 

780 

3605 

5550 

5115 

3250 

3690 

3125 

3750 

2735 

1350 

950 

835 

2878 

1967 

1660 

6690 

7360 

3365 

3710 

3215 

3065 

1720 

1725 

1150 

96a 

870 

2776 

1968 

3780 

5060 

3315 

6090 

6370 

2775 

3215 

6330 

2920 

1385 

1070 

1035 

3279 

1969 

1665 

3500 

6550 

1655 

6600 

3700 

6820 

7665 

3120 

1660 

1065 

1320 

3207 

1950 

I630 

2665 

3175 

3685 

5175 

5260 

6665 

5065 

5600 

2055 

1160 

1030 

3360 

1951 

3365 

6200 

5820 

6025 

5965 

3265 

6320 

6160 

1910 

1190 

1010 

925 

3510 

1952 

2680 

3030 

6095 

2105 

6090 

2825 

6290 

6190 

2610 

1570 

980 

885 

2779 

1953 

835 

1020 

1715 

9605 

5835 

3275 

3090 

6020 

3120 

1665 

1060 

935 

2961 

1956 

1100 

3620 

7200 

6635 

5980 

3360 

6330 

3650 

3560 

1725 

1130 

1080 

3666 

1955 

1620 

2160 

2695 

2570 

2530 

2265 

3590 

6615 

5300 

2150 

1135 

1060 

2626 

1956 

2595 

6510 

8655 

6665 

2575 

3660 

1910 

5635 

3680 

1655 

1070 

925 

3710 

1957 

1535 

2280 

3880 

1690 

3795 

6005 

6835 

3660 

1565 

970 

805 

726 

2641. 

1?58 

1000 

1795 

5730 

6975  . 

6260 

2310 

6595 

2760 

1630 

1015 

82?. 

860 

2810 

Mean 

mu 

%tg._ 

J°2I_ 

371° 

'36lO 

Wi. 

3696 

2571 

1261* 

-Jil 

875 

2674 

Table  340  - Modified  Mean  Discharge*,  in  CFS.  Wlllaaette  River  at  Mouth 


Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

1920 

1929 

13153 

28165 

35200 

50345 

36415 

30775 

1933 

11700 

12885 

55205 

28620 

83980 

32155 

1931 

11965 

18000 

19205 

37455 

25400 

60735 

1932 

12050 

41010 

56265 

81820 

45200 

95195 

1933 

15835 

57650 

63805 

89605 

59625 

65005 

1936 

20025 

29895 

126620 

98335 

26675 

33105 

1935 

16985 

70055 

89395 

75015 

43160 

50720 

1936 

13905 

23295 

26060 

122500 

47695 

66810 

1937 

12135 

14525 

26935 

20765 

72555 

59280 

1938 

17830 

92630 

99850 

88230 

73215 

85195 

1939 

12190 

36855 

43095 

47665 

60760 

53885 

i960 

12220 

15520 

43590 

37730 

91335 

66760 

1961 

11585 

38160 

48625 

59030 

26195 

17830 

1962 

12670 

65285 

103915 

69805 

55015 

26615 

1963 

U735 

95075 

125205 

113115 

83105 

33855 

1966 

25355 

30300 

31950 

35040 

37145 

26565 

1965 

9965 

19595 

15600 

53280 

76835 

62620 

1966 

11860 

69565 

96510 

107350 

50745 

68065 

1967 

23370 

77665 

111560 

53880 

58455 

62655 

I960 

51170 

93685 

69320 

106700 

66815 

56655 

1969 

21565 

53910 

IO606O 

30770 

106505 

56725 

1950 

19895 

35285 

51215 

101870 

99130 

93880 

1951 

67735 

125065 

97165 

123650 

83690 

60715 

1952 

61850 

57255 

102525 

60025 

02655 

51185 

1953 

13005 

18725 

15650 

27810 

130225 

102365 

53660 

1956 

69905 

125075 

108625 

93295 

60820 

1955 

21075 

35880 

63350 

57820 

35835 

45175 

Apr. 

June 

July 

"Sate 

Aug.  Sept. 

"8123 

Annual 

49530 

30235 

26835 

8630 

7720 

9990 

27572 

23670 

23860 

15265 

7520 

7066 

9905 

25966 

69700 

15030 

12685 

7830 

7815 

10180 

23665 

55240 

39660 

25735 

0955 

7665 

10065 

39902 

38015 

48250 

58815 

15515 

9085 

14510 

66609 

29000 

17600 

9585 

7370 

7070 

7915 

34313 

39625 

30650 

17600 

8905 

7220 

8820 

38079 

34175 

33160 

21550 

8920 

7300 

10085 

32796 

88160 

66565 

40745 

12960 

9360 

11610 

36663 

55500 

36995 

15175 

7730 

7270 

9605 

60935 

25735 

15650 

15270 

8075 

7145 

9665 

28667 

36110 

20525 

9295 

7065 

60fO 

8525 

29661 

15935 

20660 

12910 

7445 

7080 

11130 

22882 

19325 

26810 

21920 

9650 

7425 

8600 

32053 

70560 

30230 

31900 

11960 

9625 

11225 

52367 

36785 

19975 

13810 

7595 

7065 

8520 

26074 

55710 

56310 

18400 

7735 

7255 

9755 

32570 

31990 

2B*>90 

15355 

20935 

10160 

7620 

9960 

45932 

66150 

20630 

27485 

9705 

8570 

11110 

39905 

68595 

69600 

10240 

9575 

12605 

40556 

60595 

58970 

20940 

9025 

11095 

5660 

43150 

53075 

45095 

41475 

14085 

9650 

5275 

47440 

36145 

33770 

14485 

7965 

7630 

8685 

8896 

53090 

45235 

34950 

22865 

15145 

6965 

44011 

35730 

50280 

37625 

12090 

9855 

5905 

41165 

68850 

23095 

29515 

1*780 

9655 

13595 

49562 

66780 

45260 

39515 

15560 

9280 

11815 

35720 

1956  35575  101390  123300  125330  53035  73710  50235  65425  31295  U910  9965  10960  56015 

1957  2*»390  60265  69265  30975  56325  103070  66905  29950  17320  6535  8065  9080  36867 
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MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


Period  1929-1958  w w *v 

"1970  Condition*  Moiimum  month* 

Dromag*  ono  39liq  m Monmum  year 

1 1 1 1 20  percent  of  tim* 


Annual  Mean  Discharge,  c f s 
Man  mum  month*  2,224  - 

Manmum  year  1,534 

20  p*ic*nt  of  tim*  1,202  - 

Moan  months  770 

80  percent  of  tim*  31  | - 

Minimum  y tar  328 

Minimum  months  147  - 


Period  1929 - 1958  Annu<’1  M,on  °i«horfl..  c » . 

“1970  Condition*  Maximum  month*  i tl 36 

Drainage  area:  159  »q.  mi  Maiimum  year  75g 

}— — j j j 20  psrcsnt  of  time  676 


Mean  month* 

80  percent  of  time 
Minimum  year 
Minimum  month* 


ONDJFMAMJJAS 

MONTHS 


M A 

MONTHS 


Figurt  572  Monthly  discharge,  Long  Tom  River  at 
Monroe  , Oregon 


Monthly  discharge,  Mor^s  River  near 
Philomath  .Oregon 


Annual  Mean  Discharge,  cfs.l 


Period  1929-1958  uo'  u,»cno 

"1970  Condition*  Maximum  months 

Drainage  orea.IOSsgmi  Maximum  year 

20  percent  of  time 

Mean  months 

80  percent  of  tim* 

Minimum  year 
Minimum  months 


P,riod  1929-1958  4""“0'  “,0"  D,*char'"’ 

“1970  Conditions  Maximum  month*  30,757  ■ 

Dromag*  area:  4,840  SO  mi  Maximum  year 

J — — ^ j — 20  percent  of  time 

Mean  months 
80  percent  of  time 
Minimum  year 
Minimum  months 


■111 

r/jui 

mm 

^■i 

MONTHS 

MONTHS 

Figure  3A  Monthly  discharge,  Colapooio  Riser  at  f 

igura  STS  Monthly  discharge,  Willamotts  Riser  at 

Hal  lay  , Oregon 

714 

Albany , Oregon 

'‘“ft  WS 

fffVf'r';!.  .'i' ' '■  " 
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• 

MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND  3 “***  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 
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Figure  580 


Monthly  ditchorge,  WillomoM#  River  ot 
Solem  , Oregon 


Figure  581 


Monthly  discharge, South  Yamhill  River  near 
Whiteeon , Oregon 


AO-A036  573 


UNCLASSIFIED 


PACIFIC  NORTHWEST  RIVER  BASINS  COMMISSION  VANCOUVER  WASH  F/G  r/a 
COLUMBIA-NORTH  PACIFIC  REGION  COMPREHENSIVE  FRAMEWORK  STUDY  OF  --ETC (U) 
APR  70  6 L BOOHAINE*  H 0 HAFTERSON  TC'U> 


MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


Period  1929-1958  A""u01  M#0"  0,*Ch°r«#-  « f » 

■1970  Condition*  Monmum  month*  58740 

Drainoge  area  10,100  sq  mi  Manmum  year 

— — 20  percent  of  time 

Mean  month* 

80  percent  of  tima 

Minimum  yaar 

— — Minimum  month* 


ONDJFMAMJJA 

MONTHS 


Figure  584  Monthly  discharge,  Tualatin  Rivar  at 
Watt  Linn,  Ortgon 


Figure  585  Monthly  discharge,  Willamette  River  at 
Oregon  City 


Period  1929-1958 
1970  Condition* 
Drainage  area:  671 1 

1 1 1 

iq  mi. 

Annual  Mean  Discharge,  c f s 
Maximum  months  5^403 

Maximum  year  3,7(0 

Mean  months  2,674 

— 

Minimum  year  1,712 

Minimum  months  1 ,097  h 

5ft  Monthly  dioehorgo,  Clocliama* 
Eotacado,  Oregon 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  599  Frequency  curvo,  Coo«l  Fort  Willomultt  Hirer  nr  Gotheri  Figure  590  Frequency  cur»u»,  Mcke..tw  Riv«r  nr  Coburg 


RECURRENCE  INTERVAL,  TEARS  RECURRENCE  INTERVAL,  YEARS 

Figurt  5g/  Frequency  curvu,  Sontioin  Rivtr  ol  Jtfftrton  Figurt  599  Frtoutney  curvet,  Luckiomut*  Rivtr  Nr  Suvtr 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  got  Frequency  curves,  Mol  alio  River  at  Canby  Figure  txt  Frequency  curves,  Pudding  River  at  Aurora 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figvrt  60S  Frequency  curvet,  Tualatin  Rivar  at  Watt  Linn  Figure  60S  Frequency  curvtt,  Clakamas  River  at  Estocodc 


0 10  20  30  40  90  60  70  80  90  100 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


IB 

■ 

■i 

Doily 

lows 

MOl 

Annuc 

Period  1929  - 1958 
•970  Condition* 


Figure  606  Duration  curvet,  Sandy  River  near 
Bull  Run, Oregon 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 

Figure  607  Duration  curvet, Middle  Fork  Willamette  River  ot 
Jatper, Oregon 


Mox  bitchafgc  881,200  a.  f s. 


Period:  1929-1958 
1970  Conditions 


0 10  20  SO  40  90  60  70  60  *0  K» 

PERCENT  OF  TIME  EQUALCO  OR  EXCCEDEO 


Monft  ly  f lot  * 
.Ai  nuol  f Dwi 


•0  20  SO  40  90  60  70  90  90 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  60B  Duration  curvet, Coo tt  Fork  Willamette  River  near 
Got  hen  .Oregon 


Figure  609  Duration  curvet, Me  Keniie  River  near 
Coburg, Oregon 


PERCENT  OP  TIME  EQUALED  OR  EXCEEDED  PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figur  • 610  Duration  curvao.  Long  Tom  Rivor  at  Fifuro  6U  Duration  curv**,  Mary*  Rivor  noar 

Monro* , Oregon  Philomath,  Orogon 


PERCENT  OP  TIME  EQUALED  OR  EXCEEDED  PERCENT  OF  TIME  EQUALED  OR  EXCEEDEO 


Flgura  612  Duration  curv**,  CaMpooia  Rivor  at  Flgur*  613  Duration  curvao,  wiu***tt*  Ri»*r*t 

Hoi  lay,  Oregon  mowy,  or*«*n 
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0 10  20  SO  40  50  60  70  80  90  100 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  614  Duration  curvet,  North  Sontiom  River  at 
Niogaro, Oregon 


Figura  615  Duration  curves,  South  Sanfiam  River  at 
Waterloo , Oregon 


Figure  61b  Duration  curves,  %mtmm  River  at 
Jef  for  eon,  Oregon 


Figure  617  Duration  curvet, Luckiomute  River  near 
Suver,  Oregon 
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Period:  1929  - 1958 
1970  Conditions 


O 10  20  50  40  90  SO  70  80  90  100 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  618  Duration  curve*, Willamette  River  at 
Salem,  Oregon 


0 10  20  50  40  50  «0  TO  60  90 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDEO 

619  Duration  curves,  South  Yamhill  River  near 
Whiteson, Oregon 


o io  20  so  eo  eo  eo  ro  eo  eo  too 

PERCENT  OF  TIME  EQUALED  OR  EXCEEOEO 

Figure  620  Duration  curve*,  Mold  la  River  neor 
Canky,  Oregon 


o io  to  so  eo  so  eo  ro  eo  *o 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 

Figure  621  Duration  curvee.Puddmg  River  ot 
Auroro  .Oregon 
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DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 


10  20  30  40  50  60  70  80  90  100 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


10  20  30  40  50  60  70  80  90 

PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Duration  curvet, Tualatin  River  at 
West  Linn, Oregon 


Figure  623 


Duration  curvet, Willamette  River  at 
Oregon  City, Oregon 
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Figure  634 


Duration  curvet  ,Clockamat  River  at 
Eetacodo,  Oregon 


EXCEEDENCE  FREQUENCY  PER  HUNDRED  YEARS 
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Table  345.  Dependable  Yield,  Long  Ton  River  at  Monroe  Table  346.  Dependable  Yield,  Mary's  River  near  Philomath 
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Table  357.  Dependable  Yield,  Tualatin  River  at  Nest  Linn 
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Figure  642.  Long  - Term  Variation  Precipitation  and  Streomflow. 


ALBANY.  OREGON 


I 


Figure  643.  Long-Term  Variation  Precipitation  and  Streamflow. 


Figure  645.  Tima  of  Troval,  Coast  Fork  Willamatta  River, Oregon 
Station  For  Selected  Discharges  at  Index  Gaging  Station 
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Quality 


The  quality  of  water  in  Subregion  9 is  generally  good  except 
for  pollution  at  some  points. 


Chemical 


The  surface  waters  of  the  Willamette  River  Basin  are  the 
calcium  magnesium  bicarbonate  type  with  these  ions  making  up  about 
70  percent  of  the  total  dissolved  ions.  The  dissolved-solids 
content  of  waters  of  most  streams  ranges  from  less  than  40  mg/1  to 
a maximum  of  about  85  mg/1.  Hardness  of  water  generally  is  less 
than  30  mg/1  and  in  many  areas  less  than  20  mg/1. 

Some  small  streams  on  the  valley  plain  that  receive  their 
base  flow  from  terrace  deposits,  particularly  the  Willamette  Silt, 
may  contain  dissolved  solids  in  excess  of  100  mg/1  during  low  flow. 
The  major  streams  draining  the  Coast  Range  are  slightly  more 
mineralized  than  those  draining  the  Cascade  Range,  but  the  chemical 
composition  is  the  same. 

The  dissolved-solids  content  increases  slightly  in  the 
Willamette  River  between  Salem  and  Portland.  Analyses  of  water 
from  the  Willamette  River  at  the  Spokane,  Portland,  and  Seattle 
Railway  bridge  near  Portland  during  1960  show  a maximum  dissolved- 
solids  content  of  65  mg/1.  The  maximum  observed  concentration  at 
Salem  for  the  same  water  year  (1960)  was  57  mg/1.  The  chemical 
composition  was  essentially  the  same  at  the  two  locations. 

Figure  654  shows  the  chemical  composition  and  the  ranges  of 
dissolved-solids  content  and  hardness  of  water  for  some  of  the  major 
streams  in  the  basin. 

The  earliest  chemical  analyses  of  the  surface  waters  of  the 
Willamette  River  Basin  were  made  in  1910.  The  data  from  samples 
collected  in  1965  show  little  variation  from  those  collected 
55  years  earlier.  Although  population  and  water  use  have  increased 
substantially  since  1910,  the  mineral  character  of  the  water  has 
changed  very  little. 

There  are  several  reasons  for  the  uniform  mineral  character 
of  waters  throughout  the  basin  and  for  the  lack  of  significant 
increases  in  salt  load  since  1910. 

1.  The  Willamette  Valley  lies  in  a humid  zone  and  the 
streams  drain  soils  that  are  well  leached  by  the  infiltrating  pre- 
cipitation. Consequently,  only  small  quantities  of  soluble  salts 
are  available  for  removal  by  applied  irrigation  water.  Although 
the  use  of  water  for  irrigation  has  increased  continuously  in  the 
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FIGURE  654 


Willamette  Basin  over  the  last  50  years,  the  increase  in  salt  load 
from  irrigation  return  flows  has  not  been  comparable  to  that  experi- 
enced in  other  parts  of  the  State,  particularly  east  of  the  Cascades. 
In  1965,  the  salt  contribution  from  irrigated  acreage  in  the 
Willamette  Basin  was  estimated  to  be  0.02  ton  per  acre  per  year. 

The  total  solute  load  from  the  basin  has  been  estimated  to  be  0.28 
ton  per  acre  per  year.  (174) 

2.  Industrial  use  of  water  (largely  .confined  to  cooling  and 
waste  disposal)  in  the  basin  is  primarily  by  the  timber-resource  and 
food-processing  industries.  The  wastes  contributed  by  these  indus- 
tries to  the  streams  are  mostly  organic  or  insoluble  and  do  not  con- 
tribute substantially  to  the  dissolved-mineral  content  of  the  water. 

3.  A study  of  the  discharge  records  of  streams  in  the  basin 
over  the  past  40  years  indicates  a definite  trend  in  the  past  20 
years  towards  above-average  yearly  runoff  and  higher  minimum  flows. 
Precipitation  during  the  last  20  years  has  also  been  above  the  long- 
term average.  Because  maximum  dissolved-solids  content  usually 
occurs  during  periods  of  low  flow,  any  increase  in  salt  load  due 

to  man's  activity  may  have  been  somewhat  masked. 

At  Salem  for  the  period  1925-45,  the  yearly  runoff  averaged 
15  million  acre-feet  and  the  average  minimum  flow  was  in  the  range 
of  3,000-3,500  cfs.  For  the  period  1946-65,  the  average  yearly 
runoff  was  more  than  19  million  acre-feet  and  the  average  minimum 
flow  range  was  4,000-4,500  cfs.  " 

Streamflow  in  the  Pacific  Northwest  historically  has  followed 
trends  of  relatively  long  periods  of  abundance  or  deficiency.  The 
most  recent  period  of  above-average  runoff  (1945-65)  has  coincided 
with  a period  of  accelerated  economic  growth  and  increased  water 
use.  Most  of  the  major  reservoirs  in  the  basin  were  also  constructed 
during  this  time.  Because  the  period  of  higher  runoff  and  the 
increased  regulation  occurred  concurrently,  the  degree  to  which  each 
has  affected  water-quality  patterns  in  the  basin  cannot  be  accurately 
identified. 

The  surface  waters  of  the  basin  are  chemically  suitable  for 
most  uses.  All  the  streams  in  the  basin  for  which  data  are  available 
are  suitable  for  domestic  and  municipal  use.  In  certain  parts  of  the 
lower  reaches  of  some  tributaries,  and  in  the  Willamette  River, 
treatment  is  required  to  remove  organic  and  bacterial  contamination. 

The  surface  water  has  low  salinity  and  sodium  hazards  accord- 
ing to  the  rating  method  of  the  U.S.D.A.  Salinity  Laboratory  staff 
(169-80)  and  is  suitable  for  irrigation.  Problems  of  water-quality  > 
deterioration  due  to  irrigation  return  flow  probably  will  not  be 
significant  in  the  future. 
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Surface  waters  in  the  basin  are  suitable  for  use  by  most 
industries.  Industries  that  require  waters  of  low  silica  content 
would  have  to  use  treatment  because  most  streams  have  silica  con- 
centrations in  excess  of  10  mg/1.  For  some  industrial  uses,  treat- 
ment would  be  required  for  turbidity  and  color. 


Biological -Biochemical 

The  present  quality  of  surface  water  in  the  Willamette 
Subregion  is  generally  good,  with  the  exception  of  high  bacterial 
counts  below  areas  of  dense  population.  However,  available  water 
quality  data  and  analyses  also  show  that  the  quality  is  degraded 
during  certain  times  of  the  year.  For  most  water  uses,  the  govern- 
ing factor  is  the  worst  condition  rather  than  the  average.  The 
critical  period  of  water  quality  in  the  Willamette  Subregion  occurs 
in  the  summer  and  is  of  most  concern. 

Dissolved  oxygen  is  a quality  parameter  that  is  indicative 
of  the  general  condition  of  a stream.  Low  dissolved  oxygen  concen- 
tration normally  indicates  that  the  oxygen  resources  of  a stream 
are  being  overtaxed  by  oxygen-demanding  wastes.  The  Willamette 
River  from  its  headwaters  to  Salem  is  a relatively  shallow,  fast 
moving  stream.  Dissolved  oxygen  concentrations  range  from  8 to 
9 mg/1  during  the  summer.  However  as  the  river  moves  dowistream, 
its  flow  characteristics  change,  demands  for  waste  assimilation 
increase,  and  the  dissolved  oxygen  levels  fall.  Finally,  in 
Portland  harbor  average  summer  concentrations  range  from  3 to  4 mg/1, 
with  some  minimum  daily  values  of  less  than  2 mg/1  of  dissolved 
oxygen.  Progressive  degradation  in  oxygen  content  in  the  Willamette 
River  is  shown  in  figure  655,  indicating  both  seasonal  variations 
and  changes  with  respect  to  distance  from  the  mouth  of  the  river. 

Most  tributary  streams  maintain  dissolved  oxygen  levels  of 
at  least  80  percent  saturation  throughout  the  summer  months.  How- 
ever, the  South  Santiam  and  Tualatin  Rivers  and  Rickreall  Creek 
experience  major  depressions  in  oxygen  level.  Minimum  summer  levels 
on  the  South  Santiam  below  Lebanon  have  dropped  occasionally  to  less 
than  1 mg/1  dissolved  oxygen. 

Bacteriological  quality  of  the  Willamette  below  Springfield 
is  highly  variable  but  generally  unsuitable  for  water-contact 
recreation.  Total  coliform  densities  range  from  1,000  to  50,000 
organisms/100  ml,  with  occasional  maximums  as  high  as  70,000.  The 
accompanying  figure  656  illustrates  coliform  densities  during  the 
summers  of  1963  and  1965.  It  should  be  noted  that  bacterial  levels 
generally  exceed  1,000  organisms/ 100  ml,  the  recommended  standard 
for  water-contact  sports.  Tributary  streams  within  the  subregion 
have  excellent  bacteriological  quality  in  upper  reaches  but  generally 
exhibit  poor  quality  in  the  lower  reaches  and  are  unsatisfactory  for 
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water-contact  recreation.  Only  the  Middle  Fork,  McKenzie,  and 
Clackamas  Rivers  meet  bacteriological  objectives  throughout  their 
length . 


Sediment 

More  sediment  data  have  been  collected  in  the  Willamette 
Subregion  than  in  any  other  in  the  Columbia-North  Pacific  Region; 
but  much  of  the  information  obtained  prior  to  1962  is  unpublished. 

Of  the  early  data,  only  those  collected  in  1910-12  are  published. 
(177)  Considerable  information,  especially  that  showing  very  high 
suspended-sediment  concentrations,  was  obtained  during  the  flood 
of  December  1964. 

Suspended-sediment  concentration  of  large  streams  in  the 
Willamette  Subregion  generally  ranges  from  less  than  10  mg/1  to 
about  400  mg/1,  but  can  exceed  2,000  mg/1  during  major  floods  as 
is  shown  on  figure  657. 

About  80  percent  of  the  annual  sediment  discharge  occurs 
during  the  high  precipitation  and  runoff  period,  November  to 
February,  whereas  only  about  20  percent  occurs  during  the  remaining 
8 months.  Sediment  discharge  is  less  uniformly  distributed,  with 
respect  to  both  time  and  area,  than  streamflow.  More  sediment  may 
be  discharged  by  one  flood  than  is  discharged  during  several  average 
years.  For  instance,  during  the  period  December  21-31,  1964,  the 
total  sediment  discharge  of  the  Willamette  River  at  Portland  was 
6.6  million  tons,  which  is  1.5  times  the  sediment  discharge  of  the 
entire  1963  water  year  (127)  and  almost  three  times  the  annual 
average  discharge  of  2.3  million  tons. 

Particle-size  gradation  of  suspended  sediment  varies  from 
one  stream  to  another  and  from  one  time  to  another  at  the  same  site. 
Particle-size  gradation,  on  the  basis  of  available  data  from  several 
streams,  averages  about  45  percent  clay,  38  percent  silt,  and 
17  percent  sand.  Analyses  of  samples  from  various  sites  in  the 
basin  show  that  bed-material  particle  sizes  vary  greatly.  Fine  bed 
sediments  are  generally  associated  with  low  stream  gradients  and 
nonresistent  geologic  formations,  whereas  the  coarse  bed  sediments 
are  generally  found  in  areas  with  steep  slopes  and  resistant  rock 
formations.  Median  particle  diameters  of  55  mm,  16  mm,  and  0.6  mm 
for  the  Willamette  River  at  Springfield,  Salem,  and  Portland, 
respectively,  show  a decrease  of  bed-sediment  particle  size  in  the 
downstream  direction. 

Sediment  yield  ranges  from  0.1  to  0.5  acre-foot  per  square 
mile  per  year  as  is  shown  on  figure  657.  (30) 


750 


tXPL  ANATtON 
-foet  por  tquar* 


2 780  Highoit  obterved  concentration  in  mg/I 


COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUDY 

GENERALIZED 
SEDIMENT  YIELD 

WILLAMETTE  SUBREGION  9 


FIGURE  657 


£1 

A 

Y“J 

pf 

f — *7 

\A 

j 

Also  shown  is  the  sediment  concentration  at  several  places 
in  the  basin.  The  figures  represent  the  highest  concentration 
observed  at  the  site  and  range  from  158  mg/1  on  the  Middle  Fork 
Willamette  River  below  North  Fork  near  Oakridge  to  2,050  mg/1  on 
the  Middle  Fork  Willamette  River  below  North  Fork  near  Oakridge 
to  2,050  mg/1  on  the  Willamette  River  at  Portland. 

Whereas  most  streams  in  the  basin  transport  relatively 
small  amounts  of  sediment,  they  are  generally  turbid  for  short 
time  intervals  during  high-flow  periods.  Industries  requiring 
water  with  very  low  concentrations  of  sediment  and/or  turbidity 
may  have  to  treat  water  at  some  time  during  the  year. 

Other  Suspended  Solids  Suspended  organic  matter  such  as 
fiber  from  pulp  mills  creates  water  quality  problems  in  several 
parts  of  this  subregion.  Such  material  and  other  settleable  solids 
from  pulp  and  paper  operations  add  to  bottom  sludge  deposits  and 
exert  a considerable  oxygen  demand  on  the  lower  Willamette  and 
Portland  harbor. 


Water  Temperature 

Water  temperature  profiles  have  been  constructed  for  240 
miles  of  the  Willamette  River.  These  profiles  are  for  maximum, 
mean,  and  minimum  temperatures  for  July  and  for  August,  (figures 
658  and  659)  The  temperatures  of  entering  tributaries  are  also 
given,  and  their  cooling  effect  on  the  main  stem  is  clearly  evi- 
dent by  the  sharp  drops  in  the  profile. 

Maximum  temperature  from  mile  240  to  the  mouth  in  the 
Willamette  River  varied  from  65  to  79°F.  during  July  and  August. 

The  range  from  minimum  to  maximum  during  each  month  was  about  20°F. 
for  the  9 years  of  record. 

Monthly  temperatures  throughout  the  year  are  shown  for  three 
Willamette  River  stations  on  figure  660.  These  vary  from  the  79°F. 
high  in  July  to  a low  of  32°F.  in  January,  February,  and  March  over 
periods  of  up  to  12  years. 
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Figure  t»0  Monthly  Water  Temperatures,  Willamette  Rivor 

GROUND  WATER 

The  alluvial  deposits  (QTal)  supply  most  of  the  ground  water 
utilized  in  Subregion  9 and  constitute  the  most  important  aquifer 
unit  throughout  the  Willamette  Valley.  Basalt  of  the  Columbia  River 
Group  (Ter)  also  is  an  important  aquifer  in  the  northern  Willamette 
Valley.  The  younger  volcanic  rocks  (QTv)  yield  moderate  to  moder- 
ately large  supplies  at  a few  places.  The  other  aquifer  units 
usually  yield  only  small  quantities  of  water,  but  are  utilized 
extensively  for  domestic  supplies. 

The  chemical  quality  of  the  ground  water  is  good  to  excellent 
for  most  uses.  Only  a small  fraction  of  the  available  ground-water 
supply  is  being  utilized  at  the  present  time. 

Several  reports  describe  aquifers  and  occurrence  of  ground 
water  in  various  parts  of  Subregion  9.  (9,  38,  40,  43,  48,  53, 

118,  123,  125A,  205) 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Seven  aquifer  units  have  been  delineated  in  Subregion  9 and 
are  shown  in  figure  661.  Generally,  the  units  conform  to  those 
used  in  the  Willamette  Basin  Type  2 study  which  is  based  on  maps 
of  Wells  and  Peck  (202),  and  Peck  and  others  (116). 


The  alluvial  deposits  of  Quaternary  and  late  Tertiary  age 
(QTal)  underlie  most  of  the  Willamette  Valley  lowland.  The  unit 
includes  Holocene  alluvium,  largely  sand  and  gravel,  underlying 
present  flood  plains;  the  Willamette  Silt  of  late  Pleistocene  age; 
older  alluvium  (Pleistocene)  which  crops  out  in  terraces  and  benches, 
but  also  underlies  the  Holocene  alluvium;  and  the  Troutdale  Forma- 
tion and  similar  deposits  of  Pliocene  age.  These  latter  deposits 
consist  of  coarse-grained  alluvial  stream-channel  and  fan  deposits 
and  fine-grained  lacustrine  deposits.  These  formations  crop  out 
in  high  benches  and,  at  many  places,  underlie  both  the  older  and 
the  Holocene  alluvium.  The  older  terrace  deposits  and  the  Trout- 
dale  Formation  have  been  weathered  to  depths  exceeding  50  feet  at 
many  places,  greatly  reducing  the  permeability. 

The  Troutdale  Formation,  some  of  the  older  alluvial  depos- 
its and  the  Holocene  alluvium  include  considerable  thicknesses  of 
fine-grained  materials  of  low  permeability,  but  also  contain 
lenses  and  beds  of  medium  to  coarse-grained  sand  and  gravel  that 
are  permeable  and  yield  moderate  to  large  quantities  of  water  to 
wells.  Yields  of  a few  hundred  to  more  than  1,000  gpm  are  common. 

The  Willamette  Silt,  which  occurs  as  a widespread  blanket  about  50 
to  100  feet  thick  throughout  the  Willamette  Valley,  is  predominantly 
fine  grained  and  yields  only  small  quantities  of  water  to  wells. 
However,  it  is  very  porous  and  has  a high  specific  yield  (123-29 
and  64);  consequently,  it  is  important  in  storing  and  transmitting 
ground  water  downward  to  Techarge  more  permeable  deposits  beneath 
it. 


The  younger  volcanic  rocks  (QTv)  include  basaltic  and 
andesitic  lavas  and  pyroclastic  rocks  that  were  extruded  in  late 
Tertiary  and  Quaternary  time  to  form  the  High  Cascade  Range. 

Small  areas  of  similar  rocks  (Boring  Lava)  crop  out  in  the  northern 
Willamette  Valley.  That  these  materials  in  the  High  Cascade  Range 
are  highly  porous  and  permeable  is  evidenced  by  the  discharge 
characteristics  of  streams  draining  them.  However,  they  have  been 
explored  only  by  a few  small  wells  drilled  at  recreational  sites. 
The  Boring  Lava  in  the  northern  Willamette  Valley  consists  of  only 
one  to  a few  flows,  and  usually  is  mostly  or  entirely  above  the 
water  table.  Generally,  only  small  to  moderate  yields  are  obtained 
from  the  thin  zone  of  saturation  in  the  unit. 

The  Sardine  Formation  (Tsf)  of  Miocene  age  crops  out  over 
large  areas  on  the  western  slope  of  the  Cascade  Range.  The  forma- 
tion consists  chiefly  of  andesitic  lavas,  breccia,  agglomerate, 
and  tuff.  At  most  places  it  is  several  thousand  feet  thick.  The 
lavas  are  fractured  and  jointed,  and  the  pyroclastic  and  sedimen- 
tary strata  are  only  moderately  compacted  and  cemented  so  that  the 


unit,  as  a whole,  has  fair  porosity  and  permeability  and  yields 
small  to  moderate  quantities  of  water  at  most  places.  A thick 
weathered  zone  stores  large  quantities  of  water  and  yields  small 
supplies  to  dug  and  shallow  drilled  wells. 

Basalt  of  the  Columbia  River  Group  (Ter)  of  Miocene  age  con- 
sists of  one  to  several  flows  which  have  low  internal  permeability 
but,  at  places,  have  moderate  permeability  and  transmissibi lity  in 
zones  at  the  contacts  between  successive  flows.  Wells  penetrating 
a few  hundred  feet  of  basalt  generally  have  moderate  to  moderately 
large  yields.  The  basalt  crops  out  chiefly  in  rounded  hills  flank- 
ing the  Willamette  Valley  in  the  northern  half  of  the  subregion, 
and  is  encountered  at  varying  depths  beneath  the  Troutdale  Forma- 
tion or  younger  deposits  at  many  places  in  the  valley. 

The  Little  Butte  Volcanic  Series  (Tlbv)  consist  of  andesitic 
and  basaltic  lava  flows  and  pyroclastic  rocks  forming  a sequence 
5,000  to  10,000  feet  thick  on  the  western  slope  of  the  Cascade 
Range.  The  rocks  have  been  altered,  compacted,  and  cemented  so 
that  they  have  low  to  moderately  low  porosity  and  permeability.  A 
deep  weathered  zone  yields  small  quantities  of  water  to  dug  wells, 
and  furnishes  base  flow  to  streams  draining  the  unit.  Drilled 
wells  obtain  water  from  the  base  of  the  weathered  zone  and  from 
fractures  in  the  rock.  Yields  generally  are  small  to  moderate, 
rarely  exceeding  100  gpm. 

The  older  Tertiary  volcanic  rocks  (Tov)  are  a heterogeneous 
group  of  lavas,  pyroclastic  rocks,  and  interbedded  marine  and  non- 
marine sedimentary  rocks,  mainly  of  Eocene  and  Oligocene  age,  that 
crop  out  on  the  west  side  of  the  Willamette  Valley,  chiefly  in  the 
Coast  Range.  Little  of  the  original  porosity  and  permeability 
remain;  ground  water  is  contained  in,  and  moves  through,  joints  and 
other  fractures  and  soil  and  subsoil.  Yields  of  both  dug  and 
drilled  wells  are  small.  A thick  weathered  zone  stores  a large 
quantity  of  ground  water  and  maintains  the  base  flow  of  streams. 

The  marine  sedimentary  strata  of  Tertiary  age  (Tm)  includes 
several  formations  of  Eocene  and  Oligocene  age  which  crop  out 
chiefly  in  the  Coast  Range,  but  also  in  scattered  low  hills  on  the 
east  side  of  the  Willamette  Valley.  The  unit  underlies  much  of 
the  valley  at  depths  ranging  from  a few  to  several  thousand  feet. 
The  rocks  have  been  compacted  and  cemented  so  that  they  have  low 
porosity  and  permeability.  Well  yields  generally  are  small.  The 
weathered  zone  developed  on  these  rocks  generally  is  thinner  than 
on  the  volcanic  rocks  and  consequently  yields  less  water  to  the 
base  flows  of  streams  draining  the  unit. 
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A summary  description  of  the  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  quality  of  water  yielded  by 
them  are  given  in  table  360.  The  availability  of  ground  water  is 
shown  on  a map,  figure  662.  For  maximum  utility,  that  map  and  the 
aquifer-unit  map,  figure  661,  should  be  used  together. 


Water  in  Storage 

A rough  estimate  of  the  quantity  of  water  stored  in  the 
uppermost  50  feet  of  each  aquifer  unit  is  given  in  table  361. 

A specific  yield  of  20  percent  was  estimated  for  the 
alluvial-aquifer  unit  (QTal) . The  younger  volcanic  rocks  (QTv) 
include  moderately  porous  lavas  and  large  quantities  of  very  porous 
pyroclastic  rocks;  the  estimated  specific  yield  of  5 percent  is 
believed  to  represent  a minimum.  A specific  yield  of  5 percent 
also  was  estimated  for  the  Sardine  Formation  (Tsf)  which  includes 
large  quantities  of  moderately  porous  pyroclastic  rocks. 

The  specific  yield  of  the  unweathered  rock  of  the  Columbia 
River  Group  (Ter),  the  Little  Butte  Volcanic  Series  (Tlbv) , and 
the  older  volcanic  rocks  (Tov)  is  believed  to  be  less  than  1 percent 
However,  the  weathered  zone,  which  has  a considerably  higher  specifi 
yield,  is  deep  on  all  of  these  units.  An  average  specific  yield  of 
2 percent  was  estimated  for  the  upper  50  feet  of  the  saturated  zone 
which  is  partly  in  weathered,  and  partly  in  unweathered,  rock. 

The  zone  of  weathering  on  the  marine  sedimentary  strata  (Tm) 
generally  is  thinner  than  on  the  volcanic  rocks  and  the  average 
specific  yield  probably  is  somewhat  less.  A value  of  1 percent 
was  used  for  that  unit. 


Table  361.  Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units  in  Subregion  9 


Area 

Storage 

Annual  Natural 
Recharge  and 
Discharge 

Aquifer 

Specific  Depth 

Water 

Inches 

Unit 

Acres 

Yield 

Used 

(1000' s 

over 

(1000' s 

Sq.  Mi. 

(1000's) 

(percent) 

m 

ac-ft) 

area 

ac-ft) 

QTal 

2,750 

1,760 

20 

50 

17,600 

18 

2,640 

QTv 

2,250 

1,440 

5 

50 

3,600 

48 

5,760 

Tsf 

2,018 

1,290 

5 

50 

3,200 

12 

1,290 

Ter 

760 

486 

2 

so 

490 

6 

243 

Tlbv 

2,102 

1,350 

2 

50 

1,350 

6 

675 

Tov 

880 

564 

2 

50 

560 

4 

188 

Tm 

1.130 

724 

1 

50 

360 

4 

240 

TOTAL 

11,900 

17,614 

27,000 

11,000 

(rounded) 
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According  to  table  361,  as  shown  below,  about  27  million 
acre- feet  of  water  is  stored  in  the  uppermost  SO  feet  of  the 
saturated  zone  in  Subregion  9,  of  which  about  65  percent  is  in  the 
alluvial  deposits  in  the  Willamette  and  tributary  valleys.  The 
younger  volcanic  rocks  and  the  Sardine  Formation  also  contain  large 
quantities  of  water. 


Natural  Recharge  and  Discharge 

Recharge  of  aquifers  in  Subregion  9 is  almost  everywhere 
from  direct  precipitation  and  snowmelt.  Average  annual  precipita- 
tion ranges  from  about  40  inches  in  the  center  of  the  Willamette 
Valley  to  more  than  100  inches  in  some  parts  of  the  Cascade  and 
Coast  Ranges.  Precipitation  exceeds  potential  evapotranspiration 
except  in  the  late  spring  and  summer.  Recharge  occurs  during  the 
later  part  of  the  fall,  in  the  winter,  and  in  the  spring. 

The  Coast  Range  is  underlain  almost  entirely  by  aquifer  units 
(Tov,  Tm,  Ter),  with  low  specific  yields  and  permeabilities  that 
quickly  fill  to  the  point  where  they  discharge  into  even  the  most 
minor  water  course.  Generally,  the  aquifers  fill  to  the  point  that 
they  reject  potential  recharge  in  late  winter  and  spring. 

At  many  places  in  the  uplands  and  hills  east  of  the  Willamette 
Valley,  the  water  table  is  in  the  weathered  zone  of  the  volcanic 
rocks  (Tsf,  Ter,  Tlbv) . Recharge  becomes  significant  in  the  fall 
and  generally  the  water  table  reaches  its  highest  position  by  mid- 
winter, remaining  at  relatively  high  levels  until  late  spring.  At 
many  places  permeable  horizons  occur  at  depths  of  one  to  several 
hundred  feet  and  in  deeply  dissected  areas,  discharge  outlets  for 
these  aquifers  may  be  at  altitudes  much  below  the  upland  surface. 
Commonly,  water  levels  are  at  progressively  lower  levels  in  succes- 
sively deeper  aquifers  beneath  the  upland.  Recharge  to  the  lower 
aquifers  is  by  downward  movement  or  leakage  from  surficial  aquifers. 
Because  of  the  storing  and  delaying  effect  of  the  overlying  aquifers, 
recharge  is  continuous,  and  fluctuations  of  the  water  table  in  these 
deeper  aquifers  are  much  subdued.  At  a few  places  the  shallow  water 
table  is  truly  perched  but  at  most  places  there  probably  is  no  un- 
saturated material  between  the  uppermost  zone  of  saturation  and  the 
deep  aquifers;  there  probably  is  a continuous  hydraulic  gradient 
between  the  shallow  water  table  and  the  deeper  aquifers. 

The  High  Cascade  Range  is  underlain  by  the  younger  volcanic 
rocks  (QTv)  which  have  a moderate  specific  yield  and  high  perme- 
ability. Under  these  conditions,  the  water  table  is  far  below  land 
surface  at  many  places,  and  the  regional  water  table  is  near  the 
surface  only  where  major  valleys  cut  through  the  base  of  the  deposits. 
However,  at  some  places,  shallow  aquifers  are  perched  on  layers  of 
fine-grained  volcanic  ash,  and  these  may  show  considerable  seasonal 
fluctuation. 
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The  alluvial-aquifer  unit  (QTal)  mostly  underlies  nearly 
flat  terraces,  benches,  and  plains  where  runoff  is  slow.  The  unit 
has  high  porosity  and  precipitation  is  absorbed  readily.  Hydro- 
graphs indicate  that  recharge  from  precipitation  generally  begins 
in  late  fall  and  continues  until  May  or  June.  Peak  levels  usually 
are  reached  by  early  or  midwinter.  Continued  rainfall  after  that 
time  merely  serves  to  hold  the  aquifer  at  near-capacity  levels. 

Discharge  of  ground  water  is  continuous,  but  the  quantity 
discnarged  varies  greatly,  especially  from  areas  underlain  by 
aquifer  units  with  moderately  low  to  low  specific  yields  (Tov,  Tm, 
Tlbv,  Ter,  Tsf)  in  which  most  of  the  ground-water  storage  is  shallow. 
Discharge  from  those  units  declines  rapidly  during  periods  of  no 
recharge.  In  contrast,  discharge  from  the  alluvial  deposits  and 
the  younger  volcanic  rocks  declines  slowly. 

Rough  estimates  of  average  annual  recharge  and  discharge  of 
ground  water  are  given  in  table  361.  These  estimates  are  based  on 
analyses  of  hydrographs  of  wells,  and  on  the  ground-water  component 
of  discharge  of  streams  draining  the  various  aquifer  units.  Average 
annual  recharge  to  and  discharge  from  aquifer  units  in  the  subregion 
is  estimated  to  be  about  11  million  acre-feet.  About  one-half  of 
the  total  is  from  the  younger  volcanic  rocks  in  the  High  Cascade 
Range  and  about  one-fourth  from  the  alluvial  deposits  in  the 
Willamette  and  tributary  valleys.  Hydrographs  of  representative 
wells  are  shown  in  figure  663. 


Annual  Ground-Water  Withdrawal 


Annual  ground-water  withdrawal,  table  362,  based  on  1965  to 
1967  data  and  projected  to  1970,  is  estimated  to  be  about  320,000 
acre-feet.  Nearly  half  of  that  amount  is  withdrawn  for  irrigation 
of  about  90,000  acres. 


Chemical  Quality  of  Water 

Ground  water  in  the  subregion  ranges  generally  from  soft  to 
moderately  hard.  Fluoride  and  boron  concentrations,  and  the  sodium 
adsorption  ratio,  generally  are  low.  Iron  is  in  excess  of  recom- 
mended limits  in  some  wells. 

Water  from  most  aquifer  units  has  dissolved-solids  concen- 
trations of  less  than  500  mg/1.  However,  water  from  marine  strata 
(Tm)  at  depths  of  a few  hundred  feet  may  be  moderately  to  highly 
saline,  and  at  a few  places,  saline  water  has  been  encountered  at 
depths  of  less  than  100  feet.  Saline  water  also  is  found  at  a 
few  places  in  the  older  volcanic  rocks  (Tov),  in  the  Little  Butte 
Volcanic  Series  (Tlbv),  or  in  the  Columbia  River  Group  (Ter).  This 
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Table  362  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  9,  1970 


Ac-ft  per  year; 

all  quantities  in  thousands 

Irrigation 

Acres  irrigated 

90.0 

Withdrawal 

150.0 

Consumptive  use 

100.0 

Industrial—^ 

Withdrawal  _ . 

Consumptive  use— 

100.0 

5.0 

Public  Supplies 

Persons  served 

165.0 

Withdrawal 
Consumptive  use-^-' 

28.0 

5.6 

Rural-Domestic 

Persons  served 
Withdrawal—  . 

Consumptive  use— 

350.0 

39.0 

19.5 

Stock 

Withdrawal  and  . 

consumptive  use-^ 

1.75 

TOTAL  WITHDRAWAL  (rounded) 
TOTAL  CONSUMPTIVE  USE 

320.0 

(rounded) 

130.0 

\f  Self-supplied  industrial. 

2/  Assumed  to  be  S percent  of  gross  withdrawal . ' 
T/  Assumed  to  be  20  percent  of  gross  withdrawal. 
7/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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saline  water  is  believed  to  be  water  that  has  migrated  into  these 
units  from  underlying  or  interfingering  marine  sedimentary  strata. 

The  saline  water  may  have  high  fluoride  content  and  sodium  adsorption 
ratio. 

Arsenic,  in  concentrations  slightly  to  considerably  in  excess 
of  the  recommended  limits  for  drinking  water,  was  found  in  water 
from  some  wells  in  an  area  extending  southward  from  Eugene  through 
Creswell  and  Cottage  Grove.  (38)  The  water  apparently  is  from  the 
Fisher  Formation  which  is  included  with  che  older  volcanic  rocks 
(Tov)  on  the  aquifer-unit  map,  figure  661.  The  Fisher  Formation 
underlies  the  Little  Butte  Volcanic  Series  and  the  alluvial  deposits 
at  places  in  the  area. 


Present  Use  and  Future  Availability 

The  alluvial  deposits  (QTal)  that  underlie  the  Willamette 
Valley  supply  most  of  the  ground  water  utilized  in  Subregion  9. 
Moderately  large  to  large  yields  of  good-quality  water  are  obtained 
at  many  places,  but  some  fairly  extensive  areas  of  predominantly 
fine-grained  sediments  yield  only  small  to  moderate  supplies. 

Basalt  of  the  Columbia  River  Group  (Ter)  is  an  important  aquifer 
in  the  northern  Willamette  Valley  where  it  yields  moderate  to 
moderately  large  supplies  at  some  places.  The  younger  volcanic 
rocks  (QTv)  also  yield  moderate  to  moderately  laTge  supplies  locally. 
Other  aquifer  units  usually  yield  only  small  to  moderate  quantities 
of  water  but  are  utilized  extensively  for  domestic  use. 

Estimates  of  ground-water  withdrawal  and  the  quantity  used 
consumptively  are  given  in  table  362.  Total  annual  withdrawal  was 
estimated  to  be  about  320,000  acre-feet,  and  consumptive  use  about 
130,000  acre-feet.  Because  some  of  the  ground-water  withdrawn 
returns  to  streams,  net  withdrawal  exceeds  consumptive  use,  and 
may  be  approximately  200,000  acre-feet  a year. 

Most  of  the  withdrawal  is  from  the  alluvial  deposits;  a 
relatively  small  part  is  from  the  Columbia  River  Group,  the  younger 
volcanic  rocks,  the  Little  Butte  Volcanic  Series,  and  the  Sardine 
Formation  in  areas  within  or  adjacent  to  the  Willamette  Valley. 
Estimated  natural  recharge  to  and  discharge  from  these  units  in  the 
area  of  withdrawal  is  on  the  order  of  3 million  acre-feet;  net 
pumped  withdrawal  is  about  7 percent  of  this  amount,  or  210,000 
acre-feet. 

It  is  obvious  that  large  additional  supplies  of  ground  water 
are  available  for  development  in  the  Willamette  Valley,  chiefly  from 
the  alluvial  deposits.  Not  only  is  present  withdrawal  just  a small 
fraction  of  present  natural  recharge,  but  present  natural  recharge 
would  be  increased  by  increased  withdrawals.  Storage  depleted 


during  the  dry  summer  months  would  be  replenished  largely  during 
winter  and  spring  and  some  potential  recharge  formerly  rejected 
would  become  actual  recharge.  (128A) 

The  ground-water  availability  map  shows  the  general  range 
in  yield  of  wells  in  various  areas.  However,  even  in  areas  shown 
as  having  only  moderate  yields,  larger  supplies  could  be  obtained 
by  using  groups  of  wells.  Also,  better  drilling  methods  and 
development  techniques  would  result  in  larger  yields. 

A large  quantity  of  ground  water  is  stored  in  the  younger 
volcanic  rocks  in  the  High  Cascade  Range,  and  these  rocks  probably 
will  yield  large  quantities  of  water  to  wells.  There  seems  to  be 
little  possibility  that  this  supply  will  be  needed  within  the 
mountains  in  the  near  future,  and  it  probably  will  remain  for  some 
years  as  an  untapped  reserve  for  future  requirements . 

Although  only  small  to  moderate  yields  can  be  obtained  from 
individual  wells  in  the  other  volcanic  rocks  (Tsf,  Ter,  Tlbv,  Tov) 
of  the  hills  and  mountains,  the  aggregate  available  supply  is 
large.  Generally  there  is  little  interference  between  wells,  and 
frequent  recharge  refills  the  aquifers.  Recharge  to  deep  aquifers 
within  these  units  may,  however,  be  more  restricted  and  large  local 
drawdowns  can  occur.  The  Cooper  Mountain-Bull  Mountain-Tigard  area 
is  one  in  which  water  levels  in  the  basalt  (Ter)  have  shown  a 
serious  progressive  decline  because  of  excessive  withdrawal  in 
relation  to  the  restricted  recharge  through  the  overlying  deep 
soil  and  subsoil. 


Artificial  Recharge 

Information  on  artificial  recharging  as  of  1962  is  given  in 
a report  by  Price,  Hart,  and  Foxworthy  (125)  which  is  summarized 
in  the  following  paragraphs. 

The  supply  for  the  city  of  Springfield  is  obtained  from 
shallow  alluvial  deposits  near  the  Willamette  River.  During  the 
summer  months  when  the  water  table  and  river  level  are  low,  the 
well  yields  decrease  considerably.  The  water  table  is  raised  and 
yields  increased  by  adding  river  water  to  the  aquifer  through 
injection  wells. 

An  industrial  plant  in  northeast  Portland  returns  well  water 
used  in  processing  to  the  aquifer  through  an  injection  well.  Pre- 
cipitation on  about  12  acres  also  drains  into  the  well. 
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Several  commercial  buildings  in  Portland  return  well  water 
used  in  heat-exchange  processes  to  the  ground  through  injection 
wells.  At  most  installations  the  disposal  well  is  a few  hundred 
feet  deep  in  gravel  of  the  Troutdale  Formation  (QTal)  and  the  supply 
well  is  in  basalt  of  the  Columbia  River  Group  (Ter)  several  hundred 
feet  deeper. 

Generally,  the  alluvial  deposits  can  readily  be  recharged 
either  by  water  spreading,  or  through  relatively  shallow  injection 
wells.  However,  because  in  most  areas  much  potential  recharge  is 
rejected  each  spring,  there  is  no  general  need  for  recharging  at 
the  present  time.  Recharging  may  be  desirable  locally  where  the 
permeable  deposits  are  shallow  and  thin,  as  at  Springfield,  and 
the  decline  of  the  water  table  reduces  yields  during  summer 
droughts.  At  some  places  natural  recharge  to  deeper  alluvial 
deposits  or  volcanic-rock  aquifers  is  restricted  because  of  over- 
lying  materials  of  low  permeability.  Local  recharge  of  these  aqui- 
fers through  injection  wells  is  feasible,  and  may  be  desirable. 


Water  Rights 

In  Subregion  9,  insisting  essentially  of  the  Willamette 
and  Sandy  Basins,  primary  water  rights  for  5,400  wells  were  on  file 
with  the  State  Engineer's  Office  as  of  March  1967.  Prime  rights 
allow  withdrawal  of  707,949  acre-feet  a year,  of  which  365,320  acre- 
feet  are  for  irrigation  of  146,056  acres.  The  maximum  rate  of 
withdrawal  is  2,207  cfs  (990,000  gpm) , during  the  irrigation  season. 
Data  on  supplemental -water  rights  are  not  available.  Ground-water 
rights  are  summarized  by  major-use  category,  in  table  363,  as  shown 
below. 


lahlc  3b 3 - SuMBary  of  Ground- Water  Rights,  Subregion  9,  1967 

Number 


Basin of 


No.  Name 

Wells 

Home st i c 

Municipal 

Industrial 

1 rrigat . 

ion 

other 

lutal 

fac-  ft) 

fac  - 1 1 ) 

(Vc-fO 

(acres) 

(ac-ft) 

(ac-ft) 

(nc- ft  1 

2 Willamette 

5,375 

195 

191,350 

140,330 

145,530 

364 ,000 

6,980 

702,855 

3 Sandy 

25 

7 

2.100 

1,450 

526 

1,320 

21? 

5,094 

TOTAL 

5,400 

202 

193,450 

141,780 

146,056 

365,320 

7,197 

707,949 

RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

Ground  water  is  effluent  to  streams  throughout  the  year 
nearly  everywhere  in  Subregion  9.  The  few  exceptions  include  three 
general  situations: 
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1.  Local  areas  adjacent  to  a stream  where  the  water  table  is 
drawn  down  below  river  level  by  pumping  from  wells,  such  as  on 
the  west  side  of  the  Willamette  River,  at  Portland.  (9-19  and 
pi.  2)  The  natural  gradient  from  aquifer  to  river  is  reversed 
in  these  situations  and  water  from  the  river  recharges  the 
aquifer,  (figure  663) 

2.  Short  reaches  where  streams  entering  lowlands  and  valleys  lose 
some  water  to  alluvial  deposits  at  the  margins  of  the  lowlands. 
Generally,  the  water  returns  to  the  same  stream,  or  an  adjacent 
stream,  in  a short  distance. 

3.  Some  streams  in  the  High  Cascade  Range  flow  alternately  across 
materials  of  low  and  high  permeability.  Where  these  streams 
cross  highly  permeable  materials  that  crop  out  downvalley  at 
lower  elevations,  they  may  lose  all  or  part  of  their  flow,  the 
water  re-entering  the  streams  downvalley. 


In  the  Willamette  Valley  and  the  broader  valleys  tributary 
to  it,  the  water  table  generally  has  low  gradient  toward  the  stream. 
During  prolonged  dry  periods,  heavy  withdrawals  from  aquifers  near 
the  stream  may  cause  temporary  reversals  of  the  gradient,  and  induce 
recharge  from  the  stream. 

The  ratio  of  ground-water  effluent  to  direct  surface  runoff 
varies  greatly  from  time  to  time,  and  the  average  ratio  differs  greatly 
between  aquifer  units.  The  ground-water  component  of  flow  for  streams 
draining  the  younger  volcanic  rocks  (QTv)  in  the  High  Cascade  Range 
ranges  from  75  to  90  percent  of  the  average  annual  flow.  Generally, 
the  entire  discharge  is  ground-water  effluent  for  most  of  the  year 
and  direct  surface  runoff  occurs  only  during  and  immediately  follow- 
ing storms.  The  rate  of  recession  of  base  flow  in  these  streams  is 
relatively  low;  the  discharge  of  the  North  Santiam  River  near  Detroit 
requires  120  days  to  decline  from  1,000  to  about  350  cfs. 

The  marine  sedimentary  rocks  of  Tertihry  age  (Tm)  and  older 
volcanic  rocks  (Tov)  apparently  yield  the  lowest  component  of  ground- 
water  effluent  to  streams  of  any  aquifer  unit.  Although  ground-water 
discharge  is  fairly  large  when  those  aquifers  are  full,  discharge 
declines  very  rapidly  during  periods  of  no  recharge  as  ground-water 
storage  is  depleted.  The  ground-water  component  of  the  average  flow 
of  streams  draining  these  aquifers  is  on  the  order  of  10  percent. 

The  ground-water  components  of  flow  for  streams  draining  other 
aquifer  units  (Tsf,  Tlbv,  Ter)  range  generally  from  20  to  35  percent 
of  average  annual  discharge.  During  periods  of  no  recharge,  dis- 
charge declines  much  more  rapidly  than  it  does  for  the  youngeT  vol- 
canic rocks  (QTv)  but  less  sharply  than  from  the  older  volcanic  rocks 
(Tov)  and  the  marine  sedimentary  rocks  (Tm) . Low-flow  characteris- 
tics of  selected  streams  are  shown  in  figure  664. 
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DISCHARGE.  IN  CUBIC  FEET  PER  SECOND 


SUBREGION  10,  COASTAL 


HYDROLOGIC  FRAMEWORK 

The  Coastal  Subregion  comprises  the  entire  coastal  areas  of 
the  States  of  Washington  and  Oregon  as  shown  on  figure  374.  It 
extends  from  the  Canadian  border  on  the  north  to  the  California 
border  on  the  south  and  from  the  Pacific  Ocean  on  the  west  to  the 
summit  of  the  Coast  Range  on  the  east.  In  southern  Oregon  the 
Coast  Range  expands  eastward  to  the  Cascade  Range  and  that  entire 
area  is  drained  from  east  to  west  by  the  Umpqua  and  Rogue  Rivers. 

The  Olympic  Mountains  fill  the  northern  portion  of  the  subregion, 
with  foothill  ridges  4,500  feet  to  5,000  feet  in  elevation  and 
sharp  ridges  and  crags  extending  to  7,000  and  8,000  feet.  The 
Coast  Range,  generally  below  2,500  feet,  extends  from  the  Chehalis 
River  to  the  Umpqua  River.  The  mountainous  Rogue  River  Basin  has 
numerous  peaks  over  5,000  feet  in  elevation.  The  subregion  area  is 
23,763  square  miles,  of  which  241  square  miles  are  water  and 
23,522  square  miles  are  land,  altogether  amounting  to  about 
9 percent  of  the  total  area  of  the  region. 

Figure  2 shows  the  general  physiographic  features  of  the 
subregion.  Only  a small  percentage  is  valley  floor  and  most  of 
this  is  in  the  Chehalis  and  Rogue  River  Basins  and  the  tidal  areas 
of  all  streams.  The  rocks  in  the  Coast  Range  are  a series  of 
sediments,  both  marine  and  continental,  with  some  volcanics;  and 
the  rocks  in  the  Rogue  Basin  are  metamorphosed  ancient  sediments 
and  related  intrusions,  but  are  overlain  in  the  east  by  the  recent 
sediments  and  lavas  of  the  Western  Cascades. 

Streams  in  this  subregion  averaged  about  43  inches  of  runoff 
per  year  or  87,615  cfs  during  the  period  1929-58.  The  maximum  was 
about  1 2/3  and  the  minimum  about  1/2  of  the  average.  Runoff  varies 
from  heavy  in  the  north  to  moderate  and  more  variable  in  the  south. 

Stream  gradients  range  from  about  1 to  8 percent  in  the  upper 
reaches  (with  some  up  to  14  percent)  but  are  less  than  1/4  percent 
in  the  lower  valleys.  The  higher  gradients  are  on  the  Hoh  and 
Quinault  Rivers  in  the  Olympic  Mountains  and  on  the  Rogue  River  in 
the  Siskiyou  Mountains.  The  lowest  gradients  are  on  the  Chehalis 
River.  The  principal  streams  are  the  Chehalis  in  Washington  and 
the  Nehalem,  Umpqua,  Coquille,  and  Rogue  in  Oregon,  but  only  the 
Umpqua  and  Rogue  Rivers  drain  considerably  more  than  1 ,000  square 
miles.  The  Hoh  and  Quinault  River  Basins  in  Washington  contribute 
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the  heaviest  runoff  at  about  125  inches  per  year;  the  lowest 
contributor  in  that  state  is  the  Chehalis  with  only  about  55  inches. 
Heavy  contributors  in  Oregon  are  the  Wilson  and  Siletz  River  Basins 
with  about  100  inches  per  year  each.  Southward  the  runoff  decreases 
to  about  35  inches  per  year  for  the  Umpqua  and  Coquille  River  Basins 
and  30  inches  for  the  Rogue.  Rainfall  during  winter  is  the  source 
of  runoff,  with  secondary  supply  in  the  spring  from  snowmelt  in  the 
Olympic  Mountains  and  in  the  upper  Umpqua  and  Rogue  Basins. 

Many  small  alpine  glaciers  and  perennial  snowfields  con- 
tribute minor  amounts  of  runoff  to  streams  in  the  Olympic  Mountains. 
Glacier  contribution  is  negligible  in  the  Umpqua  and  Rogue  River 
Basins. 

Most  of  the  subregion  contains  the  soils  derived  from  the 
sedimentary  rocks  of  the  Coast  Range.  However,  the  upper  Rogue 
River  area  is  blanketed  by  pumice  and  underlying  porous  lava. 

The  native  land  cover  is  nearly  all  dense  conifer  forest. 

The  primary  species  of  tree  is  Douglas-fir,  changing  to  pine  in  the 
Umpqua  and  Rogue  Basins.  Considerable  areas  are  covered  with 
hemlock,  cedar,  spruce,  alder,  oak,  maple,  and  brush. 

The  cities  of  Medford,  Aberdeen,  Roseburg,  and  Astoria  are 
the  largest  in  the  subregion  with  populations  as  of  1960  as  follows, 
respectively:  24,425,  18,471,  11,467,  and  11,239. 


CLIMATE 

The  inland  valleys  of  the  Umpqua  and  Rogue  Rivers  have  a 
significantly  different  climate  from  that  of  the  remaining  coastal 
area.  Accordingly,  the  discussion  on  climate  has  been  separated 
for  these  two  areas. 


West  of  the  Coast  Range 


The  Pacific  Ocean  borders  the  full  length  of  this  subregion 
on  the  west  giving  it  a very  definite  marine  climate.  The  general 
movement  of  practically  all  large  air  masses  crossing  this  area  is 
from  west  to  east.  Prior  to  arrival  at  the  coast,  the  air  masses 
have  spent  several  days'  travel  over  the  Pacific  Ocean.  In  that 
time  they  have  become  nearly  saturated  and  their  temperatures 
closely  approach  that  of  the  ocean.  In  the  immediate  coastal  area, 
year-round  temperature  ranges  are  relatively  small.  Hiere  is 
considerable  rain  during  the  late  fall,  winter,  and  early  spring 
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and  the  usual  amount  of  fog  and  low  clouds  associated  with  a marine 
climate.  During  the  winter,  ocean-spawned  storms  frequently  move 
across  the  subregion.  At  this  time  the  ground  is  much  cooler  than 
incoming  air  from  the  ocean.  Immediately  after  crossing  the  coast- 
line this  saturated  air  is  subjected  to  two  cooling  processes--by 
contact  with  the  much  colder  land  surface  over  which  it  is  passing, 
and  by  lifting  in  its  forced  ascent  across  the  Coast  Range.  This 
latter  process  reduces  the  temperature  at  a rate  of  from  3 to  5°F. 
for  each  1,000-foot  increase  in  elevation.  This  cooling  condenses 
a great  deal  of  moisture  on  the  west  slopes  of  the  Coast  Range  to 
add  to  the  already  very  substantial  storm  totals.  These  combine  to 
make  this  one  of  the  heaviest  rainfall  areas  in  the  contiguous 
United  States.  Annual  averages  on  the  higher  slopes  range  from 
150  to  200  inches.  Along  the  coast,  annual  averages  of  75-85  inches 
are  common.  Table  374  and  figure  665  give  precipitation  data  and 
location  of  precipitation  stations.  Two  of  the  listed  stations, 
Cushman  Dam  and  Falls  City,  are  outside  the  subregion  hydrologic 
boundary . 


Table  374  - Average  Monthly  and  Annual  Precipitation,  Coastal  Subregion,  1931-60 


Ntat ion 

t ion 

Ian. 

1 eb. 

Mar . 

Apr. 

May 

June 

July 

Auj. 

Sept . 

Oct. 

Nov. 

Dec . 

Annual 

) atoe*h  la. 

ID) 

10.  82 

8.  70 

8.34 

5.23 

3.00 

2.84 

2.34 

1 .98 

3.55 

8.22 

10.51 

12.16 

77.69 

lurks  1 fc 

350 

17.49 

14.12 

12.69 

8.33 

4.89 

3.69 

2.50 

2.25 

5.11 

11.70 

15.08 

19.25 

117.10 

Aberdeen 

1 2 

12.70 

10.23 

9.  19 

5.56 

3.43 

2.70 

1.51 

1.79 

3.71 

8.13 

11.09 

14.50 

84.54 

*i  l 1 apa  Harbor 

150 

12.37 

10.43 

9 . 89 

5.94 

3.68 

3.17 

1.46 

1.73 

3.55 

8.50 

11.25 

14.59 

86.56 

Aston*!' 

200 

11.91 

9.31 

8.61 

5.28 

3.56 

2.98 

1.20 

1.32 

3.36 

6.30 

10.98 

12.62 

77.43 

Vernon  ui^ 

744 

7.53 

6. 36 

5.04 

3.04 

2.12 

1.52 

.46 

.80 

I .69 

4.46 

7.02 

7.53 

47.57 

Newport 

136 

10.01 

8.38 

8.38 

4.16 

2.93 

2.39 

.81 

.92 

2.31 

6.12 

8.80 

11.02 

66.2' 

North  Kend  1 \A 

AP  11 

10.29 

8. 35 

7.63 

3.87 

2.77 

1.69 

.43 

.52 

1.73 

5.49 

8.56 

10.49 

61.82 

Noscburg  WB  AP 

505 

5. SI 

4.21 

3.42 

1 .93 

1.8S 

1.50 

.21 

.31 

1.00 

3.02 

4.46 

5.69 

33.11 

1'rospevf  2 SW 

2,482 

6.60 

4.94 

4.55 

2.90 

2.73 

1.80 

.33 

.30 

1.06 

3.95 

5.67 

6.86 

41.69 

Medford  UK  AP 

1,312 

3.  14 

2.40 

1.78 

1.06 

1.47 

1.02 

.21 

. 18 

.60 

1.94 

2.60 

3.38 

19.78 

Ashland  1 N 

1.780 

2.78 

2.15 

2.06 

1.30 

1.74 

1.20 

.34 

.27 

.78 

1.84 

2.53 

3.00 

19.99 

Brookings 

162 

13.  lh 

11.07 

10.  19 

5.42 

4.30 

2.46 

.58 

.58 

1.84 

7.27 

10.75 

13.78 

81.40 

Period  longer  or  shorter  than  the  30-year  normal. 


Immediately  adjacent  to  the  coast,  snow  is  of  little 
significance.  The  annual  average  is  about  1-2  inches  with  many 
years  having  no  measurable  amount.  Moving  inland  this  gradually 
increases,  as  it  also  does  in  moving  from  south  to  north.  This 
increase  is  sharply  accentuated  by  increases  in  elevation.  A few 
miles  inland  annual  total  snowfalls  may  range  from  5 to  20  inches, 
and  on  the  upper  slopes  of  the  Olympic  Mountains  the  usual  seasonal 
fall  is  between  300  and  500  inches.  On  these  higher  slopes  the 
first  measurable  snow  generally  occurs  by  early  October,  and  a 
continuous  cover  will  persist  from  early  November  to  late  June, 
with  year-round  glacial  ice  in  some  areas  of  the  Olympic  Mountains. 
While  there  is  usually  a fairly  substantial  amount  of  snowfall  each 
year  in  elevations  between  500  and  1,500  feet,  it  almost  always 
melts  within  a few  days  under  rising  temperatures  and  the  change 
to  rain.  Density  of  the  mountain  snowpack  increases  from  about 
25  percent  water  equivalent  in  early  winter  to  about  45  percent  in 
Apri 1 . 
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Figure  665  is  an  isohyetal  map  prepared  by  the  Weather 
Bureau  River  Forecast  Center,  Portland,  Oregon,  using  climatolog- 
ical data  (1930-57)  and  information  derived  from  correlations  with 
physiographic  factors. 


Temperature 

There  is  only  about  a 15-20  degree  difference  between  the 
mean  January  and  July  temperatures  in  any  of  the  coastal  area,  with 
a tendency  for  this  difference  to  increase  slightly  with  increase 
in  distance  from  the  ocean.  Extreme  temperatures  are  very  rare. 

On  the  average  there  are  not  more  than  1-2  days  a year  with  tempera- 
tures of  90°F.  or  higher  in  the  immediate  coastal  area,  and  those 
of  0°F.  or  lower  are  practically  unknown.  Moving  inland  a few  miles, 
the  number  of  days  with  90°F.  and  above  may  increase  to  as  many  as 
five  a year  but  those  below  0°F.  are  extremely  rare,  except  for  the 
higher  slopes  of  the  Olympics.  Days  with  minimums  of  32°F.  or  less, 
however,  have  a long-period  average  of  from  about  eight  a year  in 
southern  Oregon  to  as  many  as  40  in  northern  Washington.  Table  375 
and  figure  665  give  temperature  data  and  the  location  of  weather 
stations. 

The  growing  season  ranges  from  189  days  at  Aberdeen  in  the 
north,  to  251  days  at  Astoria,  284  days  at  Newport,  and  300  days  at 
Brookings  in  the  south.  The  average  dates  of  the  last  freeze  are, 
respectively,  April  19,  March  18,  March  1,  and  February  20.  The 
average  dates  of  the  first  freeze  in  the  fall  are,  respectively, 
October  25,  November  24,  December  10,  and  December  17. 


Wind 


This  area,  more  than  any  other  in  the  region,  is  exposed 
directly  to  the  major  winter  storms  that  frequently  move  on  to  the 
Oregon-Washington  coast,  often  with  quite  violent  winds.  Only  a 
limited  amount  of  recorded  wind  information  is  available  for  the 
area;  but,  based  on  these  data,  it  seems  reasonable  to  assume  that 
winds  with  speeds  up  to  60-70  mph  occur  almost  every  winter  and 
those  exceeding  100  mph  have  been  recorded  on  at  least  four  or 
five  occasions  in  the  last  65  years.  The  prevailing  direction  on 
an  annual  basis  is  generally  westerly,  with  the  southerly  or 
southwesterly  component  greatest  in  winter  and  the  northwesterly 
component  predominating  in  summer. 


Evaporation 

Despite  relatively  cool  temperatures  and  fairly  high  humidity, 
there  is  an  average  April  through  October  total  evaporation  of 


772 


Table  375.  Average  and  Extreme  Temperatures  (*F) , Coastal  Subregion 


Station 

Data 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Oct. 

Nov. 

Dec . 

Annua  1 

Tatoosh  Is.WBAv.  Max. 

44.7 

46.0 

47.8 

51.1 

54.5 

57.4 

59.3 

59.6 

58.5 

55.1 

50.3 

47.6 

52.7 

(71) 

Av.  Min. 

38.4 

39.1 

40.2 

42.9 

46.4 

49.6 

51.4 

51.5 

50.0 

47.6 

43.5 

41.2 

45.2 

Mean 

42.0 

43.1 

44.2 

47.5 

51.1 

53.9 

55.5 

56.0 

54.8 

51.9 

47.2 

44.4 

49.3 

Highest 

64 

64 

69 

75 

81 

84 

88 

80 

80 

77 

68 

61 

88 

Lowest 

7 

13 

24 

33 

35 

43 

44 

43 

40 

33 

19 

19 

7 

Forks  1 E 

Av.  Max. 

44.0 

47.3 

50.7 

56.3 

62.8 

66.2 

70.8 

71.7 

68.2 

60.3 

SI  0 

45.9 

57.9 

(45) 

Av.  Min. 

32.3 

33.5 

35.0 

37.4 

41.7 

46.1 

48.6 

48.8 

46.4 

42.5 

37.0 

34.4 

40.3 

Mean 

38.7 

40.3 

42.5 

46.9 

52.1 

56.0 

59.7 

60.0 

57.6 

51.5 

44.1 

40.6 

49.2 

Highest 

67 

67 

79 

85 

91 

98 

101 

98 

96 

87 

69 

64 

101 

Lowest 

3 

8 

12 

21 

2S 

33 

35 

34 

24 

21 

10 

-4 

-4 

Aberdeen 

Av . Max . 

45. 3 

49.0 

52.2 

58.0 

63.1 

66.4 

69.7 

70.1 

69.0 

61.9 

52.4 

47.5 

58.7 

(27) 

Av.  Min. 

34.0 

34.6 

3S.9 

39.  S 

43.6 

47.9 

50.5 

51.0 

48.3 

43.5 

38.0 

36.3 

41.9 

Mean 

39.7 

41.8 

44.1 

48.7 

53.3 

57.1 

60.1 

60.6 

58.7 

52.7 

45.2 

41 .9 

50.3 

Highest 

66 

70 

79 

84 

92 

101 

104 

97 

97 

85 

70 

62 

104 

Lowest 

6 

8 

21 

25 

29 

34 

37 

39 

33 

19 

11 

16 

6 

Vernon ia!/ 

Av.  Max. 

43.8 

48.4 

52.8 

60.0 

66.6 

69.8 

77.1 

76. S 

74.0 

62.8 

51.8 

46.4 

60.8 

(20) 

Av.  Min. 

28.8 

31.1 

32.0 

35.3 

39.7 

43.9 

46.4 

46.3 

43.8 

38.7 

33.7 

31.8 

37.6 

Mean 

36.3 

39.8 

42.4 

47.6 

53.2 

56.8 

61.8 

61.5 

58.9 

50.8 

42.8 

39.1 

49.3 

Highest 

62 

65 

81 

87 

95 

96 

106 

102 

100 

89 

74 

62 

106 

Lowest 

-8 

0 

9 

21 

25 

30 

34 

32 

26 

21 

12 

10 

-8 

Falls  City 

Av.  Max. 

44.4 

49.4 

54.0 

61.2 

67.1 

72.3 

80.5 

80.4 

74.3 

63.5 

52.5 

46.5 

62.2 

(49) 

Av.  Min. 

31.2 

33.4 

35.3 

38.0 

41.8 

45.7 

47.8 

47.8 

46.2 

42.0 

36.5 

33.5 

39.9 

Mean 

37.9 

41.1 

44.4 

49.5 

54.8 

59.2 

64.4 

64.5 

61.4 

53.4 

44.3 

40.5 

51.3 

Highest 

68 

67 

82 

88 

92 

102 

106 

102 

100 

90 

74 

63 

106 

Lowest 

-S 

1 

18 

23 

26 

32 

36 

36 

26 

23 

10 

-2 

-5 

Newport 

Av.  Max. 

49.6 

51.3 

52.8 

56.0 

58.9 

61.9 

63.9 

64.4 

64.0 

60.7 

55.3 

51.0 

57.5 

(64) 

Av.  Min. 

37.7 

44.7 

39.1 

41.5 

44.7 

48.2 

50.0 

50.5 

48.7 

46.2 

42.5 

39.6 

44.5 

Mean 

43.7 

44.9 

46.0 

49.2 

52.3 

55.8 

57.4 

57.7 

56.8 

S3. 6 

48.8 

45.5 

51.0 

Highest 

77 

74 

83 

88 

94 

100 

97 

97 

95 

90 

76 

73 

100 

Lowest 

1 

12 

22 

29 

30 

33 

39 

38 

33 

27 

19 

11 

1 

RoseburgWBAP  Av.  Max. 

47.3 

51.8 

57.1 

63.1 

69.0 

74.6 

82.4 

82.2 

76.0 

65.0 

53.9 

48.0 

64.2 

(83) 

AV.  Min. 

34.9 

36.1 

37.9 

40.7 

45.0 

49.6 

53.2 

52.7 

49.1 

43.7 

39.2 

36.4 

43.2 

Mean 

40.3 

43.3 

46.6 

51.5 

56.5 

61.5 

67.9 

67.6 

62.8 

54.4 

46.1 

42.0 

53.4 

Highest 

71 

79 

85 

96 

102 

106 

109 

106 

104 

96 

76 

70 

109 

Lowest 

-6 

3 

18 

2S 

26 

34 

40 

39 

29 

22 

14 

S 

-6 

Medford  NBAP  Av.  Max. 

44.8 

52.2 

58.3 

66.1 

72.7 

79.3 

89.3 

88.5 

82.5 

69.0 

55.6 

45.6 

67.0 

(31) 

Av.  Min. 

29.9 

32.5 

34.8 

39.0 

44.2 

49.8 

55.1 

53.5 

47.7 

40.4 

34.8 

32.1 

41.2 

Mean 

35.4 

40.1 

44.3 

50.6 

57.5 

64.2 

72.0 

70.7 

64.2 

53.0 

42.4 

36.9 

52.6 

Highest 

68 

74 

86 

92 

100 

105 

115 

108 

107 

97 

75 

65 

115 

Lowest 

-3 

6 

16 

21 

28 

31 

40 

41 

29 

20 

15 

3 

-3 

Brookings 

Av.  Max. 

53.4 

55.1 

56.4 

58.9 

62.2 

65.7 

66.7 

66.7 

67.8 

63.8 

58.6 

54.6 

60.8 

(45) 

Av.  Min. 

40.0 

40.5 

41.2 

43.1 

45.5 

48.4 

50.2 

50.7 

50.1 

47.5 

44.1 

41.2 

45.2 

Mean 

47.1 

48.0 

48.9 

51.1 

54.6 

57.7 

58.9 

58.9 

59.5 

S6.0 

51.7 

48.8 

53.4 

Highest 

78 

80 

88 

92 

99 

100 

99 

98 

100 

96 

88 

79 

100 

Lowest 

21 

26 

29 

30 

33 

34 

41 

37 

34 

32 

28 

17 

17 

T7 Period  is  longer  or  shorter  than  the  30-year  normal. 

Note:  The  mean  temperature  is  for  the  normal  period  1931-60;  other  data  are  for  the  period  of  record 

through  1960.  Nimibers  under  station  names  denote  full  years  of  record  for  all  data. 
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20-25  inches  as  measured  in  Class  A evaporation  pans.  The  evapo- 
transpiration  averages  as  computed  by  the  Palmer-Havens  application 
to  the  Thomthwaite  method  is  for  a potential  evapotranspiration  of 
25  inches  annually;  the  computed  actual  value  for  soils  with  a 
2-inch  water  holding  capacity  is  18-20  inches,  and  for  those  of  a 
6-inch  water  holding  capacity  it  is  20-24  inches. 


Storms 


Nearly  all  of  the  widespread  winter  precipitation  in  the 
area  is  produced  either  by  a family  of  mature  occlusions  or  by  a 
quasi-stationary  front  with  active  minor  waves.  These  storms  may 
extend  many  hundreds  of  miles  to  the  north  or  south  and  are  gener- 
ally 3 to  5 days  in  duration.  Tropical  cyclones  are  extremely  rare 
and  summer  thunderstorms  are  of  local  rather  than  general  occurrence. 
The  infrequent  hail  or  sleet  storms  over  the  area  seldom  reach 
destructive  proportions. 


Humidity 

The  abundance  of  fresh  marine  air  continually  moving  into 
the  coastal  area,  together  with  the  small  daily  temperature  ranges, 
Tesult  in  veTy  little  seasonal  or  diurnal  range  in  relative  humidity. 
There  is  only  about  20  percent  difference  between  the  long-period 
average  of  near  90  percent  in  the  early  morning,  when  it  is  highest, 
and  about  70  percent  in  the  warmest  part  of  the  day,  when  the 
relative  humidity  tends  to  be  lowest. 


Sunshine 

The  average  daily  cloudiness  west  of  the  Coast  Range  varies 
from  about  60-65  percent  of  the  sky  covered  in  August  and  September 
to  80-85  percent  covered  in  December  and  January.  The  long-term 
average  for  sunshine  is  from  about  25  percent  of  the  time  possible 
in  winter  to  near  50  percent  of  the  time  possible  in  summer.  Fog 
occurs  often,  particularly  during  the  winter  months. 


Umpqua  and  Rogue  Valleys 


Precipitation 

By  the  time  the  incoming  marine  air  has  reached  the  inland 
valleys  of  the  Umpqua  and  Rogue  Rivers,  it  has  been  greatly  modified 
by  its  passage  over  a relatively  high  section--mostly  3,500  feet  and 
higher--of  the  Coast  Range.  In  being  lifted  over  those  mountains  a 
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considerable  amount  of  moisture  is  condensed  and  precipitated  on 
their  west  slopes.  Contact  of  the  incoming  air  with  land  surfaces, 
which  heat  much  more  rapidly  than  the  ocean  in  summer  and  cool  more 
rapidly  in  winter,  produces  very  different  seasonal  temperature 
patterns . 

These  valleys  are  slightly  south  of  the  main  path  for 
winter  storms  and  this,  combined  with  the  drying  out  of  air  masses 
crossing  the  Coast  Range,  results  in  rainfall  which  is  only  a 
fraction  of  that  experienced  in  the  coastal  portions  of  Subregion  10. 
Totals  range  from  20  to  35  inches  on  valley  floors  and  gradually 
increase  to  nearly  100  inches  at  the  crest  of  the  Coast  Range.  The 
pattern  of  occurrence,  however,  is  similar  to  most  of  Oregon  with 
most  of  rain  falling  during  the  winter  months. 

The  average  annual  snowfall  in  the  lower  elevations  ranges 
from  10  to  25  inches  a year  and  increases  fairly  rapidly  with 
increases  in  elevation.  At  Crater  Lake  this  average  is  575  inches, 
with  nearly  900  inches  having  occurred  in  some  years. 


Temperature 


Average  monthly  mean  temperatures  on  the  valley  floors 
range  from  35-40°F.  in  January  to  70°F.  in  July.  The  average 
January  daily  minimums  are  generally  from  28°  to  32°F.  and  July 
average  daily  maximums  85-90°F.  Temperatures  as  high  as  115°F. 
and  as  low  as  12°F.  below  zero  have  been  officially  observed;  but 
for  most  years,  at  the  lower  elevations,  the  annual  extremes  will 
not  be  higher  than  105°F.  or  lower  than  15°F.  In  the  lower 
valley  areas  there  is  an  average  of  20-40  days  a year  with  maximums 
of  90°F.  or  higher  and  90-110  days  with  minimums  of  32°F.  or  lower. 
In  moving  up  the  slopes  of  surrounding  mountains  both  maximums  and 
minimums  decrease  with  increase  in  elevations.  At  the  Crater  Lake 
National  Park  headquarters,  with  an  elevation  of  nearly  6,500  feet 
making  it  the  highest  weahter  station  in  this  subregion,  there  are 
an  average  of  234  days  a year  with  minimums  below  32°F.  and  less 
than  1 day  a year  with  maximum  above  90°F. 


Wind 

This  area  has  most  of  its  high  winds  out  of  the  south-to- 
west  quadrant  since  this  is  the  direction  from  which  most  major 
storms  move.  The  prevailing  wind,  however,  fairly  closely  follows 
the  direction  of  the  valley  at  the  point  where  it  is  being  recorded. 
Maximum  velocities  over  the  valley  floor  rarely  exceed  50  miles  per 
hour,  but  often  exceed  this  at  elevations  of  5,000  to  10,000  feet. 


Evaporation 


The  combination  of  relatively  warm  summers,  low  relative 
humidities  and  considerable  sunshine  results  in  a fairly  high  poten- 
tial for  evaporation  and  evapotranspiration . The  annual  average 
Class  A pan  evaporation  recorded  at  the  Medford  Experiment  Station 
is  approximately  43.5  inches,  35  percent  occurring  during  July  and 
August.  The  computed  potential  evapotranspiration  in  lower  eleva- 
tion areas  is  26.6  inches.  The  computed  actual  evapotranspiration 
for  soils  with  a 2-inch  water  capacity  is  between  12  and  15  inches; 
for  those  with  a 6-inch  capacity  it  is  15-20  inches. 


Storms 


Storms  in  this  area  are  similar  to  those  in  the  remainder  of 
the  subregion.  Total  precipitation  may  exceed  10  inches  at  Gold 
Beach  near  the  coast  and  at  Crater  Lake  near  the  crest  of  the 
Cascade  Range,  but  contribute  only  3 or  4 inches  on  the  valley  floor 
near  Medford.  Convective-type  storms  with  lightning  and  hail  are 
common  during  late  spring  and  early  summer,  but  produce  floods  only 
in  local  areas  along  small  streams. 


Humidity 

Relative  humidity  varies  over  wide  seasonal  ranges.  In  the 
early  morning  hours  it  is  often  100  percent  with  a 4:00  a.m.  November 
and  December  average  at  Medford  of  94-95  percent.  In  contrast,  the 
September  4:00  p.m.  average  is  only  28  percent  with  frequent  values 
well  below  20  percent  and  occasionally  less  than  10  percent. 


Sunshine 

During  the  late  fall  and  winter  months  there  is  considerable 
cloudiness,  but  through  the  spring,  summer,  and  early  fall  there  is 
an  abundance  of  sunshine.  The  average  daily  cloudiness  ranges  from 
85  percent  of  the  sky  covered  in  December  to  only  about  20  percent 
in  July  and  August. 

Fog  occurs  in  all  months  of  the  year,  predominantly  during 
the  October-March  period  and  particularly  in  the  basin  around 
Medford,  but  is  generally  confined  to  late  night  and  early  morning 
hours.  Its  distribution  is  irregular;  it  is  least  at  elevations 
of  several. hundred  feet  above  the  valley  floor. 


SURFACE  WATER 


Except  for  the  Rogue  and  Umpqua  Basins  and  at  the  harbors, 
there  has  been  relatively  little  development  in  the  streams  of 
Subregion  10,  but  the  quantity  of  water  is  great  and  its  quality 
is  very  good.  The  runoff  is  mostly  from  winter  rainfall  but  con- 
siderable snowmelt  is  included  in  streams  draining  the  Olympic 
Mountains  and  the  Umpqua  and  Rogue  River  Basins.  There  is  essen- 
tially no  regulation  for  flood  control,  but  four  large  flood-control 
reservoirs  have  been  authorized  for  construction,  the  Wynoochee  in 
Washington  and  Elk  Creek,  Applegate,  and  Lost  Creek  Reservoirs  in 
the  Rogue  River  Basin. 

Water  is  used  for  power  generation  in  the  North  Fork  Umpqua 
River  and  in  the  Rogue  River  Basin. 

Irrigation  is  important  in  the  Rogue  River  Basin  where  there 
are  a number  of  storage  reservoirs,  and  the  new  reservoirs  will 
provide  more  irrigation  water. 

Navigation  is  limited  to  the  harbors,  except  for  log  rafting 
and  pleasure  boating.  Harbor  development  has  taken  place  and  is 
continuing  at  the  mouths  of  nearly  all  the  coastal  streams  of  Oregon 
and  Washington  and  in  the  Columbia  River. 


Quantity 

Average  discharge  of  streams  in  the  subregion  totals  about 
87,615  cfs  (63.5  million  acre-feet  annually).  This  averages  3.7  cfs 
per  square  mile,  one  of  the  highest  rates  in  the  Columbia-North 
Pacific  Region,  but  reflecting  the  lower  contribution  from  the 
southern  portion  of  the  subregion. 


Present  Utilization 

About  1.1  percent  of  the  mean  discharge  was  withdrawn  in 
1965  for  consumptive  uses,  but  much  less  than  1 percent  was  actually 
consumed.  About  one-fifth  of  the  water  withdrawn  for  consumptive 
uses  (about  990  cfs)  was  for  municipal  supplies  (60  cfs  domestic 
and  123  cfs  industrial) ; the  largest  user  was  self-supplied  industry 
(410  cfs).  Irrigation  was  the  second  largest  withdrawal,  363  cfs, 
but  the  major  consumer,  219  cfs  of  the  tc"al  of  293  cfs  consumed. 

A very  small  amount  of  water  was  used  for  hydroelectric  power 
generation.  Recreation  has  always  been  popular  along  the  coast, 
but  with  the  mild  climate  and  abundance  of  water,  recreation  is 
becoming  a major  industry.  All  waters  are  used  to  some  degree  for 
fish  and  wildlife. 
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Stream  Management 


Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions,  con- 
servation, legal  constraints,  etc.,  all  are  a part  of  the  water- 
management  system. 


Impoundments  Reservoirs  having  a total  capacity  of 
5,000  acre-feet  or  more  are  listed  in  table  376.  As  footnoted  in 
the  table,  Fourmile,  Howard  Prairie,  and  Hyatt  Reservoirs  are 
located  outside  the  subregion;  water  stored  in  them  is  diverted 
across  the  divide  for  use  within  the  subregion. 

The  primary  use  of  the  impoundments  is  for  irrigation,  and 
the  water  is  supplied  at  a fairly  constant  rate  from  April  through 
September.  On  the  other  hand,  recreation  use  requires  that  the 
water  be  retained  in  the  reservoirs  as  long  as  possible  during  the 
summer.  Temperature  regulation  is  very  important  for  the  Rogue 
River  fishery  and  has  been  a major  consideration  in  the  design  of 
the  three  large  authorized  reservoirs  in  the  Rogue  River  Basin. 


Diversions  Most  of  the  diversions  in  the  Coastal  Subregion 
are  for  irrigation.  This  is  particularly  true  in  the  Rogue  River 
Basin,  because  the  deficiency  in  rainfall  during  the  growing  season 
makes  a supplemental  water  supply  necessary  for  successful  crop  and 
orchard  production.  The  diversions  are  made  for  distribution  of 
the  water  stored  in  the  reservoirs  listed  in  table  376. 


Table  376  - Reservoirs  Having  a Total  Capacity  of  5,000  Acre-Feet  or  More,  Subregion  10 


Name 

Stream 

Total 

Storage 

(ac-ft) 

Active 

Storage 

(ac-ft) 

Surface 

Area 

(acres) 

Purpose!/ 

Clear  Lake 

Clear  Cr. 

. 

7,135 

. 

M 

Emigrant  Lake 

Emigrant  Cr. 

40,530 

39,000 

- 

CFIR 

Fish  Lake 

N.F.  L.  Butte  Cr. 

8,020 

7,500 

AOS 

I 

Fouruile  Lake— '2/ 

Fourmile  Cr. 

13,300 

13,300 

900 

I 

Howard  Pr.  Lake-' 

Grizzly  Cr. 

62,100 

60,600 

1,960 

CFIPR 

HyattI' 

Keen  Cr. 

16,200 

16,000 

900 

IP 

Lemolo  No.  1 

N.  Umpqua  R. 

13,560 

12,520 

490 

P 

Valsetz 

S.F.  Siletz  R. 

5,240 

5,240 

- 

w 

Willow  Creek 

Willow  Cr. 

7,500 

7,500 

320 

MIP 

\J  C- conservation,  F-flood  control,  I-irrigation,  M-municipal , P-power,  R-recreation, 
W- industrial. 

2/  Located  outside  subregion  but  releases  imported  for  use  in  the  subregion. 
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Channel  Modification  There  has  been  very  little  channel 
modification,  as  lack  of  development  along  the  streams  has  prevented 
economic  justification.  Dredging  has  been  confined  to  the  harbors 
along  the  coast  and  in  the  Columbia  River. 


Forecasting  Forecasting  is  used  to  provide  a maximum  of 
stored  water  for  irrigation,  power  generation,  and  municipal  use. 
The  Weather  Bureau  operates  a general  flood-warning  system  at  times 
of  major  flooding. 


Constraints  There  are  no  interstate  compacts  or  international 
treaties  that  are  concerned  with  runoff  in  the  Coastal  Subregion. 
However,  there  are  restrictions  involved  in  the  operation  of  existing 
reservoirs . 

The  first  consideration  is  to  maintain,  as  nearly  as  possible, 
sufficient  flow  to  satisfy  prior  water  rights.  The  next  requirement 
is  the  flow  of  water  advocated  by  the  Fish  and  Wildlife  Service  and 
the  state  fish  and  game  commissions  as  adequate  for  the  normal 
resident  fish  population  and  the  anadromous  fish  runs.  Municipal 
water  needs  must  also  be  considered. 


Water  Rights 

In  that  part  of  the  Coastal  Subregion  located  in  the  State 
of  Washington,  essentially  Water  Resource  Inventory  Areas  19  through 
24  (figure  666),  a total  of  1,284  active  surface  water-right 
appropriation  records,  in  permit  and  certificate  stages,  were  on 
file  with  the  Department  of  Water  Resources  on  April  30,  1967. 

Prime  rights  in  this  area  allow  summer  period  diversions  totaling 
1,641.39  cfs  of  which  consumptive  diversions  amount  to  847.01  cfs, 
partially  consumptive  diversions  are  allowed  up  to  683.71  cfs  and 
nonconsumptive  diversions  are  permitted  to  110.67  cfs.  A total  of 
20.00  cfs  has  been  appropriated  under  supplemental  rights. 

Reservoir  storage  rights  on  record  with  the  Department  of 
Water  Resources  permit  a total  of  201,460  acre-feet  to  be  retained 
in  storage  annually  in  that  part  of  the  Coastal  Subregion  lying 
within  the  State  of  Washington. 
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Table  377  - Surface  Water  Rights,  Washington  Tart  of  the  Coastal  Subregion.  1967 


No.  River  Basin 

Municipal 

Irrigation 

Individual 
and  Community 
Domestic 

InJust  rial 
and 

Commercial 

Fish 

Propaga* ion 

Stock 

Total— ^ 

Rescrvoi r 
Storage  Rights 

feet  per  Second) 

(Ac re -feet ) 

Appropriat ive  Rights 

19  N.  Olympic  Pen. 

- 

1.99 

8.14 

2.31 

0.01 

‘.’.47 
18.5Si' 
IS. Ski' 
1, 723.146' 
207 .81  — 

- 

20  N.W.  Olym.  Pen. 

1 .SO 

2.10 

3.46 

2.9S 

3S.00 

0.02 

* 

21  S.W.  Olvm.  Pen 

0.16 

2.83 

0.01 

0.10 

0.01 

20 1 . i 39!/ 

23  Upper  Chehalis 

418.93 

48.81 

23.86 

189. 3Si' 

S4.07 

2.06 

22  Lower  Chehalis 

39.  10 

137. 38 

7 . 88 

12.71 

li.7S 

2.29 

249 

24  Niilapa 

11.33 

73. «0 

- f.  00 

54 . 79^ 

2S.83 

0.31 

1 3S . 86 

S2 

TOTAL 

470.86 

264 . 24 

S3. 17 

239.81 

129.06 

4.70 

1,641.39 

201 ,460 

1/  Water  Resource  Inventory  Area  number  as  shown  in  figure  37S. 

2/  Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (W^only  the  more  important  use  categories  arc 
listed  and  (2)  water  right  quantities  that  are  common  to  two  or  more  uses  are  fisted  under  each  applicable  use  category. 

3/  Includes  7.31  cfs  for  hydroelectric  power  generation. 

4/  Includes  10.00  cfs  for  hydroelectric  power  generation. 

?/  Includes  12.20  cfs  for  heat  exchange. 

6/  Includes  b07.2S  cfs  for  hydroelectric  power  generation. 

7/  Includes  a permit  held  by  the  city  of  Aberdeen  to  develop  200,000  acre-feet  of  storage  on  the  Wynoochee  River  for 
~ municipal  supply  and  hydroelectric  power  generation 
8/  Includes  13.32  cfs  for  hydroelectric  power  generation. 

9/  Includes  1 3. *9  cfs  for  heat  exchange. 


Prime  water-right  quantities  for  the  more  important  use 
categories  and  total  actual  surface  water-right  quantities  are 
listed  in  table  377  according  to  Water  Resource  Inventory  Areas  as 
defined  by  the  State  of  Washington,  Department  of  Water  Resources. 
(Regional  Summary)  More  detailed  information  about  specific  rights 
can  be  obtained  from  the  Department  of  Water  Resources. 


Discharge 

A typical  Subregion  10  stream,  guii.au !t  River  near  Quinault 
Lake,  Washington,  shows  a 30-year  base -period  (1929-58)  mean  dis- 
charge equal  to  99  percent  of  its  lom,-terr.  mean  (55  years,  1911- 
1965).  Weather  records  show  that  precipitation  in  Aberdeen  during 
the  base  period  was  100  percent  of  the  long-term  mean  (85  years, 
1881-1965).  Thus,  the  selected  base  period  provides  very  good 
data  for  statistical  analysis. 


Measurement  Facilities  Table  378  summarizes  pertinent 
streamflow  data  for  the  21  sites  selected  for  detailed  study  in 
Subregion  10.  Figure  668  shows  the  locations  of  the  selected  sites, 
with  Geological  Survey  identification  numbers.  The  two  leading 
digits  in  the  identification  number,  part  number,  indicate  the 
general  area.  Part  Number  (12)  indicates  that  the  site  lies  within 
the  area  designated  Pacific  slope  basins  in  Washington  and  upper 
Columbia  River  Basin.  Part  Number  (14)  indicates  that  the  site 
lies  within  the  area  designated  Pacific  slope  basins  in  Oregon  and 
lower  Columbia  River  Basin. 
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Table  378.  Streamflow  Sunary  for  Selected  Sites,  Subregion  10 


£age  brainag'e  Peri  o3  Annual  Flows]/  Moment  ary  2/ 
Stream  Station  Station  Datum  Area  of  (cfs)  ” Flow(cf»T 
Number  (ft.)  (sq.mi.)  Record  Mean  Man.  Min.  Max.  Min. 


Soleduck  River 

Fairholm 

41S 

1,060 

83.8 

ss-«v 

597 

832 

3S9 

23.SOO 

51 

Hoh  River 

Forks 

410 

320 

208 

26-64 

1,991 

2.576 

1,396 

38 , 700 

247 

Quinault  River 

Quinault  Lake 

39S 

184.60 

264 

1 1-65 

2,766 

3,571 

1,780 

50,200 

276 

Nynoochee  River 

Aberdeen 

360 

401 

74.1 

25-65 

788 

1.0S1 

S12 

23,600 

64 

Satsop  River 

Satsop 

3S0 

0 

299 

29-6S 

1,944 

2,643 

1.238 

46,600 

166 

Chehalis  River 

Grand  Mound 

27$ 

123.27 

895 

28-65 

2,761 

4,444 

1,569 

48,400 

90 

North  River 

Raymond 

170 

7.39 

219 

27-65 

941 

1.610 

589 

35,000 

21 

Naselle  River 

Naselle 

100 

24 

54.8 

29-6S 

425 

S73 

264 

11,100 

19 

Nehalen  River 

Foss,  Oregon 

3,010 

32.60 

667 

39-65 

2,675 

4,127 

1,582 

43,200 

54 

Wilson  River 

Tillamook 

3,01S 

42.13 

161 

31-6SV 

1,171 

1,696 

734 

32,100 

45 

Siletz  River 

Si letz 

3.  OSS 

102.32 

202 

24-6S>/ 

1,521 

2,168 

879 

32,200 

48 

Alsea  River 

Tidewater 

3.06S 

48.16 

334 

39-65 

1.S4S 

2,384 

881 

41.800 

45 

South  Umpqua  River 

Brockway 

3,120 

461.84 

1,670 

42-652' 

2,667 

5,362 

907 

1 OS, 000 

36 

North  Umpqua  River 

Toketee  Falls 

3,135 

4.025 

170 

27-6S 

414 

5S5 

295 

4,680 

9.7 

Umpqua  River 

F.lkton 

3,210 

90.42 

3,683 

OS-65 

7,353 

13,350 

3,150 

265,000 

640 

S.F.  Coquille  River 

Powers 

3,250 

197.42 

169 

30-6SV 

785 

1,313 

396 

48,900 

12 

Coqutlle  River 

Coquille 

3,251 

- 

943 

• 

3,129 

5.2i7 

1,569 

. 

Rogue  River 

Dodge  Bridge 

3,390 

1,273.66 

1,215 

38-65 

2,465 

3.984 

970 

87,600 

611 

Rogue  River 

Grants  Pass 

3,615 

885.28 

2,459 

38-65 

3.235 

5,938 

1,156 

152,000 

195 

Illinois  River 

Kerby 

3,771 

1,198.08 

381 

61-6S 1' 

1,208 

2,088 

576 

92,200 

23 

Rogue  River 

Gold  Beach 

3,790 

* 

5,060 

** 

11,290 

21,150 

4,621 

* 

' 

17  Regulated  values  for  base  period  (1929-&8)  with  estimated  1970  conditions  of  developmenTT 
2J  Maximum  and  minimum  observed  instantaneous  values  for  period  of  record. 

?/  Denotes  other  short  periods  of  record  prior  to  dates  shown. 


Average  Discharge  for  Subregion  10  Figure  667  presents 
monthly  discharge  data  for  the  subregion  as  a whole.  The  discharge 
is  generated  entirely  within  the  subregion;  it  rises  to  a maximum 
in  January  and  recedes  to  a minimum  in  August  and  September.  The 
within-area  generated  flows  are  also  shown  in  table  379.  Isopleths 
showing  mean  annual  runoff  for  the  period  1931-60  are  shown  on 
figure  668. 


Tabla  379  - Discharge  In  Coastal  Subrsglon  1929-38 


— 2iLi_ 

— Rfs,- 

Jib- 

(Mean  Discharge,  In  cfa) 

Jit Jlii' — -toi- _3u 

■I'M* 

July 

.Ami.- 

—Barn 

Total 

139,389 

204,139 

374,461 

433,076 

340,134 

Maxima 

254,060  201.837 

138,913 

111,311 

39,609 

22,368 

29,417 

*90,260 

Total 

58.748 

188,189 

219.134 

249, 8*9 

216,476 

20  Percent 
172,812  125,102 

67,675 

66,216 

33,114 

20,466 

19,996 

119,978 

Total 

80.933 

96.814 

163.750 

177,073 

165...1 

Mean 

131,321  98,136 

72,007 

30,007 

26,464 

16,142 

16,234 

87,613 

Total 

21.142 

33.821 

109,684 

103,818 

118,286 

W farm 

90,156  70,068 

51,907 

32,906 

20,139 

13,220 

12,661 

57,813 

Total 

12.079 

9.M7 

48,137 

51.718 

39,306 

Mnlmum 

38,996  46.534 

32,378 

20,319 

13,873 

11,207 

10,363 

31,345 

■ot's":  T Subregion  discharge  is  that  which  originates  la  the  subregion. 

2.  Twenty  percent  and  80  percent  represent  the  discharge  available  20  and  80  percent  of  the  tine. 


Average  Discharge  for  Selected  Stations  In  this  section  of 
the  report  detailed  data  are  presented  for  each  of  the  selected 
sites  listed  in  table  378. 

The  monthly  discharges  presented  for  stations  in  Washington 
are  available  in  Geological  Survey  Water-Supply  Papers  1316  and 
1736,  compilations  of  surface-water  records  in  Part  12;  and  those 


782 


MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


MONTHS 


Figure  667.  Monthly  discharge,  from  Subregion  10. 


for  stations  in  Oregon  are  available  in  Water-Supply  Papers  1318 
and  1738,  except  for  Coquille  River  at  Coquille  and  Rogue  River  at 
Gold  Beach,  compilations  in  Part  14.  Records  for  nearly  half  of 
the  sites  have  been  extended  by  correlation  with  nearby  stations. 
Monthly  discharges  for  all  of  the  sites  are  listed  in  tables  380 
to  400.  Hydrographs  for  several  conditions  of  flow  at  the  selected 
sites  are  shown  on  figures  669  to  689.  Explanations  of  these  and 
the  succeeding  graphs  are  in  the  Regional  Summary.  The  sustained 
flow  of  the  Hoh,  North  Umpqua,  and  Rogue  Rivers  is  notable. 

Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  690  to  710.  The  slopes  of  the  curves  are  generally 
the  same,  showing  that  the  range  from  high  to  low  years  is  the  same 
from  one  stream  to  another;  the  Rogue  and  South  Umpqua  Rivers  show 
greater  slopes  for  higher  flows.  The  spacing  of  the  curves  is  also 
generally  uniform,  showing  seasonal  consistency.  The  low-flow 
spacing  is  close  for  the  Hoh  River,  all  spacing  is  close  for  the 
Rogue  River,  and  very  close  for  the  North  Umpqua  River. 

Duration  curves  for  three  flow  conditions,  daily,  monthly, 
and  annual,  are  presented  in  figures  711  to  731.  The  monthly  and 
annual  discharges  used  are  those  of  tables  380  to  400,  but  the 
daily  flows  are  observed  for  the  period  of  record  as  provided  in 
the  Geological  Survey  daily  summaries.  The  curves  are  steep  for 
the  South  Umpqua  and  Rogue  Rivers  and  closely  spaced  for  the  Hoh, 
North  Umpqua,  and  Rogue  Rivers. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
732  to  750.  The  range  in  peak  flows  from  one  stream  to  another  is 
fairly  constant,  as  indicated  by  the  slopes  of  the  curves.  The 
South  Umpqua  and  Rogue  Rivers  show  the  steepest  slopes.  Two  of 
the  frequency  curves  should  be  used  with  caution.  That  for  North 
River  near  Raymond,  figure  738,  is  an  average  of  two  types  of  flood 
conditions;  the  normal  floods  lie  on  a flatter  curve,  and  the  high- 
est floods  should  be  considered  to  fall  along  a steeper  curve  than 
shown.  Further  study  will  be  required  to  determine  the  reason  for 
this.  The  curve  for  North  Fork  Umpqua  River  below  Lemolo  Lake  near 
Toketee  Falls  likewise  is  an  average.  Apparently,  surface  condi- 
tions, including  a deep  snowpack,  normally  check  the  flood  peaks, 
but  occasionally  a great  rain  flood  develops  as  in  December  1964 
after  a severe  freeze. 
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Dependable  yields  of  the  rivers  are  given  in  tables  401  to 
421.  Each  table  shows  the  lowest  mean  flows  for  from  one  to  ten 
consecutive  years  in  the  30-year  base  period  and  their  relationship 
to  the  30-year  mean.  The  difference  between  any  two  flows  is  a 
measure  of  the  reservoir  storage  capacity  required  to  make  the 
higher  flow  available.  The  South  Umpqua  and  Rogue  Rivers  would 
require  relatively  more  storage,  with  the  South  Umpqua  River  near 
Brockway,  table  413,  having  a minimum-year  flow  of  only  34  percent 
of  the  30-year  mean.  On  the  other  hand,  the  minimum-year  flow  of 
the  North  Umpqua  River  below  Lemolo  Lake  near  Toketee  Falls, 
table  414,  is  71  percent  of  the  mean;  and  that  for  the  Hoh  River 
is  nearly  as  high.  The  average  minimum-year  discharge  in  the 
subregion  is  about  57  percent  of  the  mean. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  are  presented  in  figures  751,  752,  and  753  for 
a northern,  a central,  and  a southern  coastal  stream.  The  annual 
means  for  the  base  period  and  for  the  entire  period  of  record  are 
shown.  Although  the  annual  precipitation  for  a given  year  varied 
from  the  mean  by  as  much  as  43  percent,  the  5-year  moving  average 
varied  from  the  mean  by  no  more  than  20  percent. 

The  5-year  moving  averages  are  presented  in  order  to 
indicate  trends  more  clearly.  There  has  been  a general  decline 
in  precipitation  and  streamflow  from  about  1895  to  about  1945, 
with  an  increase  since  then. 

As  indicated  by  the  duration  curves  and  frequency  curves, 
the  variation  in  annual  flows  at  selected  sites  during  the  30-year 
base  period  is  generally  relatively  small,  and  uniform  among  the 
sites;  that  for  the  South  Umpqua  and  Rogue  Rivers  is  the  greatest. 
The  maximum  annual  discharge  is  generally  about  1.8  times  the 
minimum  annual  discharge,  ranging  from  1.4  for  the  Hoh  and  North 
Umpqua  Rivers  to  2.9  for  the  South  Umpqua  and  the  central  part  of 
the  Rogue  River. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  of  figures  669  to  689.  For  most  of  the  hydrographs 
only  one  peak  is  shown,  caused  by  winter  rainfall.  However,  for 
streams  draining  the  Olympic  Mountains  and  for  the  upper  Umpqua 
and  Rogue  Rivers  there  is  a definite  second  peak  in  May  and  June 
from  snowmelt.  This  is  the  primary  peak  for  North  Umpqua  River 
below  Lemolo  Lake  near  Toketee  Falls.  The  resulting  low  variation 
in  monthly  and  seasonal  flows  is  indicated  by  the  close  spacing  of 
the  frequency  curves  in  figure  703  and  the  flat  monthly  duration 
curve  of  figure  724.  The  close  spacing  of  frequency  curves  for 
low  flows  only  of  Hoh  River  near  Forks  indicates  considerable 
underground  storage  release. 


Streamflow  Travel  Time  With  the  cooperation  of  several 
Federal  and  state  agencies,  time -of- travel  studies  have  been  made 
for  a number  of  streams,  including  the  Chehalis,  Umpqua,  and  Rogue 
Rivers.  Plots  of  accumulated  time  in  hours  versus  river  mile  for 
various  discharges  are  shown  in  figures  754,  755,  and  756.  The 
travel  time  for  low  and  moderate  discharges  was  determined  by 
injections  of  rhodamine  B dye  downstream  by  visual  observation  and 
by  fluorometer  (optical  instrument) . The  resulting  velocity  was 
reduced  about  10  percent  to  obtain  the  average  particle  velocity 
through  the  river  reach.  High-flow  travel  time  was  determined  by 
hydrograph  inspection  and  flood  routing  computations  and  is  based 
on  velocity  of  the  flood  wave.  Flows  in  the  middle  reaches  of  the 
Chehalis  and  Umpqua  Rivers  are  slower  than  in  downstream  reaches. 
Travel  times  in  minutes  per  mile  for  the  lower  10  miles  of  all 
three  rivers  are  as  follows: 


River 

Chehalis 

Umpqua 

Rogue 


High  Flow 


50 

12 


Low  Flow 

156 

96 

50 


River  Profiles  Profiles  for  selected  streams  are  shown  on 
figures  757  to  764.  The  profiles  were  constructed  mostly  from 
topographic  maps. 


(Narrative  continued  on  page  847) 
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Table  381.  Observed  Mean  Discharge  in  c.f.s.,  Hoh  River  Dear  Forks,  Washington 
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Tabic  383.  Observed  Mean  Discharge  in  c.f.s.,  Wynoochee  River  above  Save  Creek  near  Aberdeen,  Washington 
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Table  385.  Observed  Mean  Discharge  in  c.f.s,,  Chehalis  River  near  Grand  Mound,  Washington 
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Table  387.  Observed  Mean  Discharge  in  c.f.s.,  Naselle  River  near  Naselle,  Washington 


Table  388.  Observed  Mean  Discharge*  In  CFS,  Nehalem  River  near  Foss,  Oregon 
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Table  389.  Observed  Mean  Discharge,  in  CFS,  Wilson  Biver  near  Tillamook,  Oregon 
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Table  390.  Obaarved  Mean  Discharge,  in  CFS,  Siletz  Fiver  at  Siletz,  Oregon 
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Table  391.  Observed  Mean  Discharge,  in  CFS,  Alsea  River  near  Tidewater,  Oregon 
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Table  392.  Observed  Mean  Discharge,  in  CFS,  South  Umpqua  River  near  Brockvay,  Oregon 
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Table  394.  Observed  Mean  Discharge,  in  CFS,  Umpqua  River  near  Elkton,  Oregon 
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Table  395.  Observed  Mean  Discharge,  in  CFS,  South  Fork  Coquille  River  at  Powers,  Oregon 
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Table  396.  Observed  Mean  Discharge,  in  CFS,  Coquille  River  at  Coquille,  Oregon 
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Table  397.  Observed  Mean  Discharge,  In  CFS,  Rogue  River  at  Dodge  Bridge,  Oregon 
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Table  398.  Observed  Mean  Discharge*  In  CFS,  Hogue  River  at  Grants  Pass,  Oregon 
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Table  399.  Observed  Mean  Discharge,  In  CFS,  Illinois  River  nr  Kerby,  Oregon 
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Table  400.  Observed  Mean  Discharge,  in  CFS,  Rogue  River  nr  Gold  Beach,  Oregon 
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MEAN  DISCHARGE. THOUSANO  CUBIC  FEET  PER  SECOND 
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Figure  L81  Monthly  dischorge,  South  Utnpguo  River  noor 
Brockway,  Orogon 


Figure  68 2 Monthly  discharge,  North  Utnpguo  River  below 

Lemolo  Lake  near  Toketee  Foils, Oregon 
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Figure  bd3  Monthly  discharge,  Utnpguo  Rivor  noor 
Elkton,  Orogon 


Figure  fan  Monthly  discharge,  South  Fork  Cogullle  River  ot 
Powers,  Oregon 
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RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  695  Frequency  curves,  Wynoochee  R above  Save  Cr,  nr  Aberdeen,  Wash.  Figure  Frequency  curves,  Sateop  River  near  Satsop,  Washington 
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Per  iod  of  record  1929-1958  ] 
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RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Frequency  curves,  South  Umpqua  River  nr  Brockwoy  Figure  7$  Frequency  curves,  Umpqua  River  Nr  Elkton 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Frequency  curvet,  Rogue  River  nr  Gold  Beoch  Figure  709  Frequency  curves,  Illinois  River  nr  Kerby 


PERCENT  OP  TIME  EQUALED  ON  EXCEEDED  PERCENT  OF  TIME  EQUALED  OR  EXCEEOEO 


Figure  7X1  Duration  curve*.  Sot* duck  River  Figure  712  Duration  curve*,  Hoti  River  near  Forks,  VttMti. 

near  Foirhofm,  RbeNngton 


Figure  713 


Duration  curve*,  Qulnoult  River  at 
QuMault  Lake,  WatMngten 


Figure  7» 


Duration  curve*,  Wynooche*  R.  above  Save  Ct. 
naor  Aberdeen,  WaeMnaton 
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Ourotion  curve®,  Sot  top  River  near 
Settop,  Washington 


Figure  716  Ourotion  curves,  Cheholi®  River  neor 
Grand  Mound,  Washington 


0 10  to  50  40  50  60  ro  80  90  100 

PERCENT  OF  TIME  EQUALEO  OR  EXCEEOEO 


0 10  to  50  40  50  60  ro  80  90 

PERCENT  OF  TIME  EQUALED  OR  EXCEEOEO 


Figure  717  Ourotion  eurvee,  North  River  neor 
Raymond,  Washington 


Figure  718  Duration  curves,  Notelle  River,  neor 
Naeelle,  Washington 


DISCHARGE , THOUSAND  CUBIC  FEET  PER  SECOND  XB  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


Duration  curvet,  Neholem  River  not* 
Foot,  Oregon 


Figure  720  Duration  curvao,  Wilton  Riuar  near 
Tillamook,  Oregon 


Figure  722  Ouraflon  curvet,  Alteo  River  near 
Tidewater,  Oregon 


Figure  721  Duration  curvet,  SIMx  River  at 
Sileti , Oregon 
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1 


PERCENT  OP  TIME  EQUALED  ON  EXCEEDED  PERCENT  OF  TIME  EQUALED  OR  EXCEEDEO 


Figure  723  Duration  curvaa,  South  Umpqua  River  naar  Figurt  721  Duration  curvaa,  North  Umpqua  Rlvar  below 

Brockwoy,  Oregon  Lamolo  naar  Tokataa  Falla,  Oragon 


PERCENT  OF  TIME  COUALCO  OR  EXCEEDED  PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 

Figure  735  Duration  curvaa,  Unggua  Rlvar  naar  Figure  72b  Duration  curvaa.  South  Fork  Cogutllo  River  at 

El  Man,  Oregon  Power  I.  Oregon 
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0ISCHAR6E,  THOUSAND  CUBIC  FEET  PER  SECONO 


EXCEEDENCE  FREQUENCY  PER  HUNORED  YEARS 
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Frequency  curve  of  onnuol  peak  flows,  nr  Aberdeen,  Wash.  Figure 
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Table  409.  Dependable  Yield,  Nehalea  River  near  Foss,  Oregon  Table  410.  Dependable  Yield,  Wilson  River  near  Tillanook,  Oregon 
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SUMMIT.  OREGON 

Long-  Torm  moon. 65.32  inch#* 
1925-58  moan, 64.02  incho* 


Variation,  Precipitation  and  Streamflow. 


Figure  753  Long -Term  Variation,  Precipitation  and  Streamflow. 


RIVER  MILE 


Figure  75i  tvn*  «r  cinHto  mw,  Hr  MtMtae  tiduriH  «t  m« 


ELEVATION  IN  EEET  ABOVE  MEAN  SEA  LfvEc  El  C VAT  ION  IN  EEC?  ABOVE  MEAN  SEA  LEVEL 


AT i ON  IN  ft 


Sir  tom  Profile,  WynoochM  Plv«r,  Washington 
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ELEVATION  M FEET  ABOVE  MEAN  SEA  LEVEL  ELEVATION  IN  FEET  ABOVE  MEAN  SEA  LEVEL 


Figurt  761  Strtom  Profilo.  Sotsop  Rtvsr,  Woshinqton 


Quality 


The  quality  of  water  in  Subregion  10  is  very  good.  Detailed 
information  is  presented  on  the  following  pages. 


Chemical 

All  of  the  streams  in  the  Coastal  Subregion  originate  in  the 
Coast  and  Cascade  Ranges  and  drain  into  the  Pacific  Ocean.  They 
are  of  excellent  mineral  character.  Some  slight  differences  in 
chemical  composition  are  apparent  between  streams  draining  the 
northern,  central,  and  southern  parts  of  the  subregion. 

In  the  northern  part,  the  streams  originate  in  the  high 
elevations  of  the  Olympic  Mountains  and  many  are  glacial  fed.  They 
contain  calcium  bicarbonate  type  waters  which  are  very  dilute  and 
very  soft.  Dissolved-solids  concentrations  range  from  30  to  60  mg/1 
and  average  less  than  50  mg/1.  The  hardness  of  water  averages  less 
than  30  mg/1.  The  streams  are  sometimes  very  turbid  with  glacial 
flour. 


The  streams  draining  the  Coast  Range  in  the  central  part  of 
the  coastal  basin  are  also  very  dilute  and  very  soft.  Calcium  and 
bicarbonate  are  usually  the  predominant  ions,  but  sodium  and 
chloride  make  up  a larger  percentage  of  the  total  dissolved  ions 
than  in  the  streams  draining  the  Olympic  Mountains.  The  greater 
percentage  of  sodium  and  chloride  in  these  streams  most  likely 
comes  from  oceanic  aerosols.  Windblown  salt  particles  from  the 
ocean  are  carried  inland  in  fog  or  clouds.  These  particles  form 
condensation  nuclei  for  water  droplets  and  are  carried  to  earth 
again  in  rain  or  snow,  resulting  in  an  increase  in  salt  content 
in  the  coastal  streams.  Aerosols  undoubtedly  also  affect  streams 
draining  the  Olympic  Mountains.  However,  the  effect  is  apparently 
diluted  because  of  the  much  greater  runoff  per  square  mile  which 
occurs  as  a result  of  the  extremely  high  precipitation  in  that 
area. 

The  upper  reaches  of  the  Rogue  River  contain  dilute  calcium 
magnesium  bicarbonate  water  with  an  average  dissolved-solids  con- 
centration of  about  60  mg/1.  There  is  some  downstream  increase  in 
mineralization  of  the  Rogue  River  as  a result  of  inflows  from  Bear 
Creek  and  Applegate  River,  which  are  considerably  more  mineralized 
(figure  765).  The  flow  of  these  two  streams  is  small  relative  to 
that  of  the  Rogue  River  and  their  influence  on  the  chemical  quality 
of  the  Rogue  River  is  slight.  The  maximum  reported  dissolved-solids 
concentration  for  tne  Rogue  River  at  Merlin,  below  all  major 
tributaries  except  the  Illinois  River,  is  90  mg/1. 
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CHEMICAL  COMPOSITION 
OF  WATER 

COASTAL  SUBREGION  10 


The  Illinois  River,  tributary  to  the  Rogue  River,  and  South 
Fork  Coquille  River  are  considerably  different  in  chemical  character 
from  all  other  streams  in  the  subregion  for  which  data  are  available.*. 
Both  of  these  streams  are  magnesium  bicarbonate  waters.  In  the 
South  Fork  Coquille  River  the  percentage  of  magnesium  is  only 
slightly  higher  than  that  of  calcium.  In  the  Illinois  River, 
magnesium  makes  up  an  average  68  percent  of  the  dissolved  cations 
while  calcium  accounts  for  only  24  percent.  Both  of  these  streams 
drain  areas  in  the  Klamath  Mountains  which  are  underlain  by  igneous 
and  metamorphic  rock^;  that  contain  large  amounts  of  the  magnesium- 
rich  minerals  pyroxene  and  olivine. 

All  of  the  waters  of  the  coastal  subbasin  are  of  excellent 
mineral  quality,  except  in  tide-affected  reaches,  and  many  could 
be  used  for  most  purposes  with  minimum  treatment.  High  turbidity 
and  color  are  a problem  at  certain  times  of  the  year,  especially 
in  the  streams  draining  the  Olympic  Mountains . The  lower  reaches 
of  most  streams  are  affected  by  salt  water  intrusion.  In  many 
of  the  streams  the  rise  in  elevation  is  very  slight  for  long 
distances  upstream.  In  the  Siuslaw  River  high  chloride  and  sodium 
concentrations,  indicative  of  salt  water  intrusion  (and  too  large 
to  be  attributed  to  aerosol  intrusion) , have  been  found  as  far  as 
20  miles  upstream  from  the  mouth. 


Biological- Biochemical 


All  streams  on  the  Washington  coast  except  the  Chehalis 
River  have  high  dissolved  oxygen  concentrations.  On  the  Chehalis 
River,  downstream  from  the  city  of  Chehalis,  dissolved  oxygen 
levels  drop  to  between  0 and  3 mg/1  during  the  summer.  This  is  a 
result  of  food  processing  and  municipal  waste  loads  on  the  slow 
moving  low  river  flows.  Grays  Harbor  estuary,  at  the  mouth  of  the 
Chehalis  River,  exhibits  dissolved  oxygen  values  of  less  than 
3 mg/1  during  late  summer.  This  is  attributed  primarily  to  pulp 
mill  wastes,  although  the  estuary  also  receives  substantial  munici- 
pal and  other  industrial  waste  loadings.  The  oxygen  deficit  is 
occasionally  intensified  when  deep  ocean  waters  of  low  DO  content 
(1  to  2 mg/1)  are  forced  into  the  bay  during  the  summer  low  flow 
period.  Corrective  measures  have  been  requested  by  the  State 
Water  Pollution  Control  Commission  and  programs  are  underway  to 
alleviate  these  dissolved  oxygen  deficiency  problems. 


The  Chehalis  River  is  again  the  only  stream  of  less  than 
excellent  quality  along  the  Washington  coast.  High  total  coliform 
densities  are  recorded  below  Chehalis  and  in  the  estuarial  reaches 
of  the  river.  Municipal  wastes  are  the  source. 
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The  great  majority  of  Oregon  coastal  streams  exhibit  high 
dissolved  oxygen  concentrations  throughout  their  lengths.  However, 
depressed  oxygen  levels  do  occur  in  several  reaches  of  the  Rogue 
and  Umpqua  Basins  during  low  flow  periods,  with  adverse  effect  on 
anadromous  fish.  Coos  Bay  experiences  seasonal  drops  in  dissolved 
oxygen  levels  to  between  1 and  2 mg/1,  to  the  detriment  of  aquatic 
life.  To  a lesser  degree,  Yaquina  Bay  also  exhibits  an  oxygen 
depression  during  summer  months. 

Table  422  contains  water  quality  information  for  streams  of 
the  subregion.  Extensive  information  has  also  been  collected  by  the 
states  on  estuaries,  indicating  a number  of  problem  areas  both  with 
regard  to  oxygen  levels  and  bacterial  densities.  Such  estuarial 
data  have  not  yet  been  summarized  sufficiently  for  a brief 
presentation. 

In  several  areas  of  the  Oregon  coast,  bacterial  concentra- 
tions resulting  from  untreated  or  inadequately  disinfected  sewage 
have  reached  levels  which  threaten  health.  Yaquina  and  Tillamook 
Bays  now  have  bacterial  conditions  which  have  resulted  in  only 
"conditionally  approved"  oyster  growing  areas.  The  Public  Health 
Service  has  stipulated  that  action  to  reduce  coliform  levels  must 
be  undertaken  by  1968.  To  a lesser  degree,  problems  also  exist  in 
Nehalem  and  Winchester  Bays. 


Sediment 

Suspended- sediment  concentration  has  been  measured  at 
several  locations  in  the  Coastal  Subregion;  the  earliest  measure- 
ments were  made  in  1910-12.  (17)  The  highest  concentrations  were 
observed  since  1963,  some  of  which  are  shown  on  figure  766. 

Studies  have  shown  that  road  development  associated  with  forest 
utilization  and  bank  cutting  along  major  streams  were  the  main 
sources  of  suspended  sediment.  (30) 

Figure  766  shows  generalized  sediment  yield  for  the  Coastal 
Subregion.  (30)  The  yields  range  from  0.02  acre-foot  per  square 
mile  per  year  in  the  upper  reaches  of  the  Rogue  River  Basin  to 
0.5  acre-foot  per  square  mile  per  year,  mostly  in  the  agricultural 
areas,  with  about  80  percent  of  the  subregion  lying  in  the  0.1  to 
0.2  range.  Sediment  production  in  the  Coastal  Subregion  is 
generally  low.  There  are  few,  if  any,  areas  where  extensive  bank 
or  gully  erosion  is  occurring.  This  may  be  attributable  to  the 
quick  recovery  of  vegetation,  relatively  thin  soils,  and  the 
coarse  texture  of  alluvial  deposits  which  prevent  substantial 
downcutting.  (30) 
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Table  422  - Dissolved  Oxygen  and  Coliform  Organisms  Densities, 

Subregion  10 


Location 


Dissolved  Oxygen 
mg/1 


Coliform  Organisms 
MPN/100  ml 


Mean 

Min 

Max 

Mean 

Min 

Max 

' “ 

Soleduck  R.  nr.  Fairholm 

11.3 

9.2 

13.7 

28 

0 

360 

Hoh  R.  at  Hwy  101  Br. 

11.4 

10.2 

13.2 

91 

0 

930 

Queets  R.  at  Queets 

11.1 

9.2 

12.9 

88 

0 

430 

Quinalt  R.  at  Quinalt  Lake 

10.6 

9.2 

13.0 

19 

0 

230 

liumptulips  R.  nr.  Humptulips 

10.9 

9.0 

12.9 

78 

0 

430 

West  F.  Hoquiam  R.  nr.  Hoquiam 

10.6 

8.0 

12.3 

699 

0 

4,600 

Wishkah  R.  nr.  Wishkah 

10.9 

8.7 

12.5 

488 

0 

11,000 

Wynoochee  R.  nr.  Montesano 

10.8 

8.2 

13.7 

84 

0 

430 

Satsop  R.  nr.  Satsop 

10.6 

5.3 

12.6 

84 

0 

430 

Cloquallum  R.  nr.  Elma 

10.5 

4.8 

12.5 

2,840 

36 

24,000 

Chehalis  R.  at  Porter 

10.4 

7.2 

12.8 

1,209 

0 

24,000 

Skookumchuck  R.  nr.  Centralia 

10.8 

8.9 

12.3 

158 

0 

430 

Newaukum  R.  nr.  Chehalis 

10.6 

7.9 

13.0 

794 

0 

11,000 

Newaukum  R.  at  Chehalis 

10.9 

7.6 

13.4 

542 

0 

4,600 

North  R.  nr.  Raymond 

10.9 

9.0 

12.0 

919 

36 

4,600 

Willapa  R.  at  Lebam 

10.6 

8.4 

12.8 

751 

0 

4,600 

Naselle  R.  nr.  Naselle 

11.3 

10.2 

12.2 

268 

0 

930 

Bear  R.  nr.  Naselle 

10.6 

8.8 

11.7 

640 

0 

4,600 

Nehalem  R.  at  mi  7.3 

11.0 

8.6 

13.4 

315 

13 

700 

Wilson  R.  at  Hwy  6 

10.8 

7.3 

12.9 

108 

5 

700 

Trask  R.  at  mi  3.5  2/ 

9.7 

8.5 

11.0 

10,540 

620 

24,000 

Nestucca  R.  at  Cloverdale 

10.4 

9.6 

11.4 

464 

230 

2,400 

Nestucca  R.  E.  of  Beaver 

10.3 

9.2 

11.3 

92 

45 

210 

Siletz  R.  at  mi  30.9 

10.7 

8.1 

13.2 

394 

23 

2,400 

Yaquina  R.  below  Toledo  2/ 

5.2 

4.0 

7.4 

460 

60 

700 

Alsea  R.  E.  of  Tidewater 

8.3 

6.2 

9.5 

102 

23 

230 

Siuslaw  R.  at  Mapleton  Br. 

9.9 

5.2 

13.2 

618 

45 

2,400 

S.  Umpqua  R.  at  Days  Cr.  Br. 

10.4 

8.6 

12.7 

195 

5 

700 

S.  Umpqua  R.  at  Melrose  Rd. 

10.3 

6.3 

12.3 

13,270 

450 

70,000 

N.  Umpqua  R.  at  Garden  Valley 

10.2 

7.9 

12.6 

277 

39 

2,400 

Umpqua  R.  at  Elkton  Br. 

10.2 

8.3 

12.5 

992 

5 

7,000 

Umpqua  R.  at  Umpqua  Br. 

l/9'9 
i-'8. 2 

8.1 

12.6 

415 

45 

1,300 

S.  Fork  Coos  R.  beyond  Dellwooc 

6.9 

9.5 

181 

62 

240 

N.  Fork  Coquille  R.  N.  of 

Myrtle  Point 

S.  Fork  Coquille  R.  N.  of 

9.1 

6.0 

12.7 

562 

60 

2,400 

Powers 

11.1 

8.7 

14.1 

2,996 

23 

7,000 

Rogue  R.  at  Huntley  Park!/ 

9.9 

9.0 

11.4 

425 

230 

620 

Rogue  R.  nr.  Merlin 

11.1 

8.5 

13.1 

22,200 

450 

77,000 

Rogue  R.  at  Rocky  Pt.  Br. 

11.1 

8.3 

13.5 

3,182 

130 

22,400 

Rogue  R.  below  Raygold  Dam 

10.9 

8.1 

13.3 

5,903 

230 

77,000 

Rogue  R.  nr.  Prospect 

11.1 

9.0 

13.0 

425 

6 

6,200 

Chetco  R.  at  mi  4.5i/ 

8 2 

7.9 

8.5 

108 

23 

240 

1 / Less  than  four  samples. 
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FIGURE  768.  Water  Temperature  Profile  for  August,  Umpqua  River  Basin,  1956-6Z 


FIGURE  769.  Hater  Temperature  Profile  for  July,  Rogue  River  Basin,  1947-62 


FIGURE  770.  Water  Temperature  Profile  for  August,  Rogue  River  Basin,  1947-62 
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Water  Temperature 


Water  temperature  profiles  have  been  constructed  for 
nearly  200  miles  of  the  Umpqua  and  of  the  Rogue  Rivers  from  6 or 
7 years  of  record.  These  profiles  are  for  maximum,  mean,  and 
minimum  temperatures  for  July  and  August,  (figures  767  to  770) 

The  temperatures  of  entering  tributaries  are  also  given,  and  their 
cooling  effect  on  the  main  stem  is  clearly  evident  by  the  sharp 
drops  in  the  profile. 

Maximum  temperature  in  the  Umpqua  River  ranged  from  79°F. 
to  88°F.  during  July  and  August.  The  range  from  minimum  to  maximum 
during  the  month  was  about  30°F.  in  July  and  40°F.  in  August. 
Maximum  temperatures  in  the  Rogue  River  ranged  from  56°F.  to  82°F. 
during  July  and  August.  The  range  from  minimum  to  maximum  during 
the  month  was  about  41°F.  in  July  and  33°F.  in  August. 


GROUND  WATER 

The  alluvial  deposits  (Qal)  are  the  most  important  source 
of  ground-water  supply  for  municipal,  industrial,  and  irrigation., 
use.  However,  these  deposits  are  of  limited  extent  and  thousands 
of  domestic  and  many  small  industrial  and  public  supplies  are 
obtained  from  other  aquifers,  most  of  which  yield  only  small  to 
moderate  supplies. 

Generally,  the  chemical  quality  of  ground  water  is  good  to 
excellent  for  most  uses.  Dissolved  solids  are  mostly  less  than 
500  mg/1,  and  the  water  is  soft  to  moderately  hard.  Water  at  depths 
of  several  hundred  feet  may  be  saline,  and  saline  water  has  been 
encountered  in  marine  sedimentary  rocks  (Tm)  at  depths  of  less  than 
100  feet.  Excessive  iron  is  found  locally  in  ground  water  in  the 
dune  areas.  Present  use  is  only  a small  fraction  of  the  total 
available  supply.  However,  only  in  a few  areas  can  wells  with 
moderately  large  to  large  yields  be  developed. 

Reports  describing  aquifers  and  ground-water  occurrence 
have  been  published  for  only  five  small  areas  in  Subregion  10.  (11, 
42,  95,  199,  200)  Several  other  reports  give  some  information. 

(106,  107,  109,  111,  114,  206) 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Six  aquifer  units  have  been  delineated  in  the  Oregon  part 
of  the  subregion  and  five  in  the  Washington  part.  Aquifer-unit 
boundaries  are  shown  on  the  map,  figure  771,  which  is  based  on  the 
geologic  maps  of  Oregon  (202)  and  Washington  (54) . 
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The  alluvium  deposits  (Qal)  are  of  three  types:  stream 

alluvial,  glacial  deposits,  and  beach  deposits.  The  stream  alluvium 
forms  terrace  and  flood-plain  deposits  in  the  lower  valleys.  Most 
of  the  valleys  are  narrow  and  the  deposits  are  generally  less  than 
100  feet  thick.  Fine  sand  and  silt  predominate,  but  lenses  of 
medium  to  coarse  sand  and  gravel  occur  at  many  places  and  are  good 
aquifers.  Wells  have  moderate  to  moderately  large  yields  and  a 
few  wells  at  favorable  locations  have  large  yields. 

Glacial  deposits  occur  in  the  Chehalis  Valley  north  of 
Chehalis,  in  an  area  around  Matlock,  and  in  valleys  along  the  north 
flank  of  the  Olympic  Mountains.  There  also  may  be  some  glacial 
outwash  underlying,  or  interbedded  with,  alluvium  in  valleys  on  the 
west  slope  of  the  Olympic  Mountains.  The  deposits  include  till, 
poorly  sorted  unstratified  drift,  and  outwash.  The  till  is  almost 
impermeable  and  yields  little  water.  The  drift  generally  yields 
moderate  supplies,  and  well-sorted  outwash  deposits  yield  moderately 
large  to  large  quantities  of  water. 

The  dune  and  beach  deposits  underlie  narrow  coastal  plains 
in  several  reaches  along  the  Oregon  and  Washington  coasts.  They 
consist  predominantly  of  very  well-sorted,  fine  to  medium-grained 
sand.  Their  thickness  usually  ranges  from  about  50  to  200  feet. 

They  are  very  porous  and  moderately  permeable,  and  yield  moderate 
to  moderately  large  supplies  to  properly  constructed  and  developed 
wells. 

The  terrace  deposits  of  Quaternary  age  (Qt)  occur  large 1> 
in  the  Washington  part  of  the  subregion,  where  they  underlie  a low, 
broad  terrace  along  the  west  and  south  flanks  of  the  Olympic 
Mountains  and  the  west  side  of  the  Coast  Range.  The  deposits  are 
predominantly  fine-grained  sand,  silt,  and  clay  and  are  believed 
to  be  largely  of  marine  origin.  However,  lenses  of  medium  to 
coarse  sand  and  gravel  are  good  aquifers  and  yield  moderate  to 
moderately  large  quantities  of  water  at  some  places.  Some  of  these 
aquifers  may  be  alluvial  deposits  in  former  stream  channels.  The 
deposits  are  commonly  deeply  weathered.  Similar  marine  terrace 
deposits  in  Oregon  extend  southward  in  a narrow  band  from  North 
Bend  to  Port  Orford.  Because  they  are  of  such  limited  extent, 
they  are  included  with  the  alluvial  deposits  (Qal)  in  the  Oregon 
part  of  the  subregion. 

In  Subregion  10  the  younger  volcanic  rocks  (QTv)  crop  out 
only  in  southern  Oregon  in  the  High  Cascade  Range.  The  volcanic 
rocks  include  open-textured  basaltic  to  andesitic  flows,  breccia, 
agglomerate,  scoria,  pumice,  and  ash.  Cinders,  ash,  and  pumice 
are  widespread  at  the  surface.  These  materials  are  moderately  to 
highly  porous  and  permeable  and  are  capable  of  yielding  large 
quantities  of  water;  however,  they  occur  only  at  high  altitudes  in 
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sparsely  inhabited  areas.  The  water  table  may  be  far  below  land 
surface  at  many  places;  for  example,  north  of  Crater  Lake  the 
regional  water  table  was  not  reached  in  a well  drilled  to  a depth 
of  1,037  feet  near  the  crest  of  the  range.  (45-7)  Thin  bodies  of 
perched  ground  water  were  found  in  this  well,  and  springs  at 
relatively  high  altitudes  at  many  places  suggest  that  perched 
aquifers  are  common  in  the  younger  volcanic  rocks  (QTv) . Ground- 
water  effluent  from  the  volcanic  rocks  is  the  major  component  of 
flow  of  streams  draining  these  rocks. 

The  volcanic  rocks  of  the  western  Cascade  Range  in  Oregon 
(Tmv)  include  andesitic  to  basaltic  flows,  tuff,  welded  tuff, 
breccia,  and  agglomerate.  Most  of  these  are  of  Oligocene  to  lower 
Miocene  age,  but  some  Eocene,  and  Middle  and  Upper  Miocene  volcanic 
rocks  are  included.  Basalt  of  the  Columbia  River  Group  in  the 
Coast  Range  north  of  Nestucca  River  is  also  included  in  this  unit. 
For  the  most  part,  the  aquifer  unit  has  moderately  low  porosity 
and  permeability.  The  coarser-grained  pyroclastic  rocks  and  some 
interflow  zones  yield  moderate  or,  rarely,  moderately  large  quan- 
tities of  water.  Specific  capacities  of  the  wells  commonly  are 
0.1  to  1.0  gpm  per  foot  of  drawdown.  A thick,  deeply  weathered 
zone  yields  small  to  moderate  supplies  to  dug  and  shallow  drilled 
wells . 


Sedimentary  rocks  of  Tertiary  age,  chiefly  of  marine  origin 
(Tm) , crop  out  over  extensive  areas  in  the  Coast  Range  of  Oregon 
and  Washington.  Rocks  are  chiefly  sandstone,  shale,  and  mudstone, 
with  lesser  amounts  of  limestone  and  conglomerate.  Lava  flows  and 
pyroclastic  rocks  are  interbedded  in  the  sedimentary  strata  at 
some  places.  Most  of  the  rocks  are  of  Eocene  age  but  formations 
of  Oligocene  to  Pliocene  age  are  also  included.  For  the  most  part, 
this  aquifer  unit  has  low  to  very  low  porosity  and  permeability 
and  will  yield  only  small  supplies  of  water.  Where  the  rock  is 
greatly  fractured,  or  the  clastic  rocks  are  coarser  grained,  moder- 
ate supplies  are  sometimes  obtained  from  drilled  wells.  Most  wells 
are  less  than  100  feet  deep;  only  a small  proportion  of  the  wells 
exceed  200  feet  in  depth.  Yields  generally  range  from  1 to  20  gpm, 
rarely  exceed  30  gpm.  Specific  capacities  commonly  are  0.05  to 
1.0  gpm  per  foot  of  drawdown.  About  5 percent  of  the  wells  are 
considered  to  be  failures.  Dug  wells  obtain  small  supplies  from 
a comparatively  thin  zone  of  soil  and  subsoil.  Water  at  depths  of 
a few  hundred  feet  is  apt  to  be  saline,  especially  where  wells  are 
drilled  in  synclines.  At  a few  places  saline  water  has  been 
encountered  at  depths  of  less  than  100  feet. 

The  older  volcanic  rocks  (Tov)  in  Oregon  and  the  volcanic 
rocks  (Tv)  in  Washington  are  chiefly  of  Eocene  age , but  in 
Washington  they  include  small  areas  of  Miocene  rock.  For  the  most 
part  they  consist  of  basaltic  to  andesitic  flows,  flow-breccia, 


pyroclastic  rocks,  and  some  interbedded  sedimentary  strata.  The 
sedimentary  interbeds  commonly  are  tuffaceous.  All  of  these  rocks 
have  been  altered,  mineralized,  and  cemented  so  that  little  of 
their  original  porosity  remains.  A thick,  deeply  weathered  zone 
is  considerably  more  porous  but  has  moderately  low  permeability. 

The  unweathered  rock  generally  yields  only  very  small  supplies. 
Somewhat  larger  yields  are  obtained  in  the  weathered  material  and 
in  the  broken  rock  at  the  base  of  the  weathered  zone.  Most  wells 
are  less  than  100  feet  deep,  and  few  are  more  than  150  feet  deep. 
Well  yields  generally  are  between  1 and  20  gpm  and  specific  capac- 
ities commonly  range  from  0.05  to  1.0  gpm  per  foot  of  drawdown. 

Five  to  10  percent  of  the  wells  are  considered  to  be  failures. 

The  rocks  of  pre-Tertiary  and  early  Tertiary  (pT)  age  in 
the  Olympic  Mountains  are  mostly  massive  marine  sedimentary  rocks 
including  graywacke,  sandstone,  shale,  and  some  volcanic  rocks. 

The  unweathered  rock  has  very  low  porosity  and  permeability  and 
yields  little  water.  A fairly  thick  weathered  zone  supplies  a 
moderate  base  flow  to  streams.  A large  part  of  the  outcrop  area 
is  uninhabited. 

The  pre-Tertiary  (pT)  rocks  in  southwestern  Oregon  crop 
out  chiefly  in  the  Klamath  and  Siskiyou  Mountains.  They  include 
indurated  and  altered  mudstone,  siltstone,  graywacke,  and  ande- 
sitic volcanic  rocks;  gneiss,  schist,  and  greenstone;  and  intrusive 
igneous  rocks  ranging  from  granite  to  peridotite  and  serpentine. 

The  unweathered  phase  of  all  of  these  rocks  has  low  to  very  low 
porosity  and  permeability.  A weathered  zone  of  varying  character- 
istics has  developed  on  them.  On  the  fine-grained  sedimentary  and 
some  of  the  metamorphic  rocks,  the  weathered  zone  is  shallow  and 
clayey  so  that  specific  yield  and  permeability  are  very  low.  The 
igneous  rocks,  particularly  the  granite,  have  a thicker  weathered 
zone  that  has  somewhat  higher  specific  yield  and  permeability; 
moderate  yields  are  obtained  from  dug  or  shallow  drilled  wells  at 
favorable  locations. 

A summary  description  of  aquifer  units,  their  general 
hydrologic  characteristics,  and  the  quality  of  water  yielded  by 
them  are  given  in  tables  423  and  424.  The  availability  of  ground 
water  is  shown  on  a map,  figure  772.  For  maximum  utility  that  map 
and  the  aquifer-unit  map,  figure  771,  should  be  used  together. 


Tabic  - Description  of  Aquifer  Unite  and  Their  Hydrologic  Characteristics,  Subregion  10  (Oregon  Part) 
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Ell  Sedlnentary  rocks,  chiefly  Dark  gray,  massive  to  poorly  bedded  Generally  low  porosity  and  permeability,  except  No  data  available  but  shal- 

of  marine  origin,  of  the  central  grayvacke;  interbeds  of  shale,  argil-  for  deeply  weathered  zone  which  supplies  a mod-  low  ground  water  probably 

Olympic  Mountains  complex;  lite,  arkoslc  sandstone,  and  some  erate  to  good  base  flow  to  streams.  No  data  low  dissolved  solids,  soft, 

chiefly  Mesozoic  and  Paleocene  altered  lava  flows  and  other  volcanic  available  on  well  yields.  Deeper  water  may  be  saline, 

or  early  Eocene  in  age.  rocks.  mineralized. 


Water  in  Storage 


A rough  estimate  of  the  quantity  of  water  stored  in  each 
aquifer  unit  within  the  uppermost  50  feet  below  the  water  table  is 
given  in  table  425. 

A specific  yield  of  20  percent  was  used  for  the  alluvium 
(Qal)  and  5 percent  for  the  younger  volcanic  rocks  (QTv) . The 
terrace  deposits  (Qt)  probably  have  high  porosity,  but  because 
they  are  predominantly  fine-grained,  the  specific  yield  is  con- 
siderably less  than  the  porosity;  a specific  yield  of  10  percent 
was  used  for  that  unit.  For  the  most  part,  the  unweathered  rock 
of  all  other  aquifer  units  has  low  porosity.  However,  a fairly 
deep  to  very  deep  weathered  zone  is  more  porous.  Because  the 
soil  and  subsoil  on  the  sedimentary  rocks  (Tm)  generally  is  thinner 
than  on  other  rock  units,  a specific  yield  of  1 percent  was  used  for 
that  unit.  An  average  value  of  2 percent  was  assumed  for  the  upper 
50  feet  of  saturation  for  all  other  aquifer  units  (Tmv,  Tv,  Tov, 
pT) . According  to  table  425,  about  14  million  acre-feet  of  watei*-in 
Oregon  and  about  13  million  in  Washington  are  stored  in  the  upper- 
most 50  feet  of  the  saturated  zone.  In  Oregon,  about  45  percent 
of  the  total  is  in  the  alluvial  deposits  (Qal)  and  younger  volcanic 
rocks  (QTv).  In  Washington,  more  than  45  percent  of  the  total  is 
stored  in  the  alluvial  deposits  (Qal)  and  about  40  percent  in  the 
terrace  deposits  (Qt) . 


Natural  Recharge  and  Discharge 

With  few  exceptions,  average  annual  precipitation  in  the 
subregion  is  high,  ranging  generally  from  60  to  more  than  120  inches. 
A few  interior  valleys  receive  less  than  30  inches;  a small  area  in 
the  Oregon  Coast  Range  and  a large  area  in  the  Olympic  Mountains 
receive  more  than  200  inches.  Most  of  the  precipitation  occurs  as 
rainfall  during  the  late  fall,  winter,  and  spring.  Recharge  is 
almost  entirely  by  direct  rainfall  on  the  areas  of  outcrop  of  the 
aquifer.  About  80  percent  of  the  subregion  is  underlain  by  aquifer 
units  (Tmv,  Tv,  Tm,  Tov,  pT)  whose  specific  yields  are  estimated  to 
be  about  2 percent  or  less.  With  the  combination  of  low  specific 
yield  and  heavy  rainfall,  the  water  table  rises  rapidly  and  comes 
quickly  to  a level  where  ground  water  discharges  into  even  the  most 
minor  of  drainage  channels  in  the  rugged  terrain.  Generally,  the 
water  level  in  those  aquifers  reaches  a peak  in  early  winter  or 
midwinter;  thereafter,  continued  heavy  precipitation  merely  main- 
tains the  water  table  at  relatively  high  levels.  During  periods 
of  a week  or  two  without  rainfall,  the  water  table  declines 
sharply.  Considerable  potential  recharge  probably  is  rejected  in 
late  winter  and  spring.  At  some  places  in  the  western  Cascade 
Range,  permeable  horizons  occur  in  the  volcanic  rocks  at  depths 
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Table  425  - Storage,  Recharge,  and  Discharge  of  Ground  Water  in 
Aquifer  Units  in  Subregion  10,  1970 


Area 

Storage 

Annual  Natural 
Recharge  and 
Discharge 

Aquifer 

Specific 

Depth 

Water 

Inches 

Unit 

Acres 

Yield 

Used 

(1000 's 

Over 

(1,000's 

Sq.  Mi. 

(1000's) 

(Percent) 

TFtF 

ac-ft) 

Area 

ac-ft) 

Oregon 

Qal 

710 

455 

20 

50 

4,550 

36 

1,360 

QTv 

1,180 

755 

5 

50 

1,900 

24 

1,500 

Tmv 

2,400 

1,540 

2 

50 

1,540 

6 

770 

Tm 

6,340 

4,050 

1 

50 

2,000 

12 

4,050 

Tov 

1,600 

1,020 

2 

50 

1,020 

12 

1,020 

PT 

4,930 

3,160 

2 

50 

3,160 

4 

1,050 

Sub- 

17,160 

10,980 

14,000 

10,000 

total 

(rounded) 

Washington 

Qal 

970 

620 

20 

50 

6,200 

42 

2,170 

Qt 

1,680 

1,070 

10 

50 

5,350 

18 

1,600 

Tv 

900 

575 

2 

50 

575 

12 

575 

Tm 

1,650 

1,050 

1 

50 

500 

12 

1,050 

PT 

1,180 

755 

2 

50 

750 

6 

380 

Sub- 

6,380 

4,070 

13,000 

6,000 

total 

(rounded) 

TOTAL 

23,500 

15,050 

27,000 

16,000 

(rounded) 
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ranging  from  near  surface  to  many  hundred  feet.  Subsurface 
discharge  outlets  for  the  deeper  aquifers  may  be  at  altitudes 
much  below  the  general  upland  surfaces  causing  water  levels  in 
successively  deeper  aquifers  to  be  at  progressively  lower  levels. 
Recharge  to  these  deeper  aquifers  is  by  downward  leakage  from 
near-surface  aquifers.  Because  of  the  storing  and  delaying  effect 
of  the  overlying  aquifers,  recharge  to  the  deeper  horizons  is  con- 
tinuous and  fluctuations  of  the  water  table  in  the  deeper  aquifers 
are  small.  Some  of  these  deeper  aquifers  are  not  really  extensive, 
and  because  recharge  is  restricted  by  overlying  materials  of  low 
permeability,  withdrawal  of  moderate  to  moderately  large  supplies 
from  several  wells  in  the  same  area  and  aquifer  may  cause  signifi- 
cant declines  in  the  water  table. 

For  the  most  part,  water  levels  in  the  alluvial  deposits 
(Qal)  also  reach  near  maximum  levels  by  midwinter;  however,  they 
are  much  more  porous  and  permeable  and  probably  reject  little 
recharge.  The  younger  volcanic  rocks  (QTv)  occur  in  the  High 
Cascade  Range;  much  of  their  recharge  is  from  snowmelt  in  the 
spring,  and  that  unit  probably  rarely  rejects  recharge.  Hydro- 
graphs of  representative  wells  are  shown  in  figure  773. 

Almost  everywhere  ground  water  is  effluent  to  streams  through- 
out the  year.  Some  reaches  of  streams  in  the  younger  volcanic  rocks 
may  lose  water  where  they  cross  particularly  porous  materials  but 
they  gain  large  quantities  of  ground-water  discharge  in  reaches 
upstream  from  the  volcanic  rocks  (Tmv)  of  the  western  Cascade  Range. 
Short  reaches  of  some  lowland  streams  may  temporarily  lose  water  to 
bank  storage. 

Rough  estimates  of  average  annual  recharge  and  discharge 
are  given  in  table  425.  These  estimates  are  based  on  analysis  of 
the  ground-water  component  of  discharge  of  selected  streams,  taking 
into  account  the  considerable  differences  in  average  annual  pre- 
cipitation on  the  areas  of  outcrop  of  the  various  aquifer  units. 
Average  annual  recharge  to  and  discharge  from  aquifer  units  in  the 
Oregon  part  of  the  subregion  is  about  10  million  acre-feet,  about 
40  percent  from  the  consolidated  Tertiary  sedimentary  rocks  (Tm) 
and  about  15  percent  each  from  the  alluvial  deposits  (Qal)  and  the 
younger  volcanic  rocks  (QTv) . In  the  Washington  part  of  the  sub- 
region,  natural  recharge  and  discharge  is  about  6 million  acre-feet; 
about  two-thirds  is  from  the  alluvial  (Qal)  and  terrace  deposits 
(Qt) . 


Figure  773  Hydrograph*  of  selected  wells  in  subregion  10 


Table  426  - Estimated  Ground-Water  Withdrawal  and  Consumptive  Use, 

Subregion  10,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 


Oregon 

Washington 

Total 

Irrigation 

Acres  irrigated 

2.0 

8.0 

10.0 

Withdrawal 

3.0 

12.0 

15.0 

Consumptive  use 

2.0 

6.0 

8.0 

Industrial-^ 

Withdrawal  . 

Consumptive  use— 

20.0 

1.0 

21.0 

1.0 

0.0 

1.0 

Public  Supplies 

Persons  served 

58.0 

11.0 

69.0 

Withdrawal  . 

Consumptive  use— 

16.0 

2.0 

18.0 

3.2 

.4 

3.6 

Rural-Domestic 

Persons  served 
Withdrawal—' 

110.0 

40.0 

150.0 

12.4 

4.5 

17.0 

Consumptive  use—' 

6.2 

2.2 

8.5 

Stock 

Withdrawal  and  , . 

consumptive  use— 

.25 

.20 

.45 

TOTAL  WITHDRAWAL  (rounded) 

50.0 

20.0 

70.0 

TOTAL  CONSUMPTIVE  USE 

(rounded) 

12.0 

8.0 

20.0 

1/  Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
4/  Estimated  use  100  gallons  per  day  per  person. 
5 f Assumed  to  be  50  percent  of  gross  withdrawal. 
6/  Assumed  that  all  water  withdrawn  is  consumed. 
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Annual  Ground-Water  Withdrawal 


Annual  ground-water  withdrawal,  table  426,  based  on  1967 
data  and  projected  to  1970,  is  estimated  to  be  70,000  acre-feet. 
About  50,000  acre-feet  are  withdrawn  from  aquifers  in  Oregon,  and 
20,000  acre-feet  from  aquifers  in  Washington.  These  withdrawals 
are  insignificant  compared  with  the  total  annual  natural  recharge 
and  discharge. 


Chemical  Quality  of  Water 

The  chemical  quality  of  water  from  the  several  aquifer  units 
differs  considerably.  Water  from  the  younger  deposits  generally  has 
a dissolved-solids  concentration  of  less  than  250  mg/1  and  is  soft 
to  moderately  hard.  The  pH  of  water  from  the  alluvial  deposits 
commonly  is  less  than  7.0.  Iron  is  a problem  in  some  supplies,  as 
is  hydrogen  sulfide.  Water  from  the  older  rocks  usually  has  a 
dissolved-solids  concentration  of  less  than  500  mg/1.  Commonly, 
however,  more  highly  mineralized  water  is  encountered  at  depths  of 
several  hundred  feet.  A few  wells  in  the  Tertiary  sedimentary 
rocks  (Tm)  have  encountered  saline  water  at  depths  of  less  than 
100  feet.  Boron,  fluoride,  and  sodium  adsorption  ratio  may  be 
excessive.  Sodium  adsorption  ratio  exceeding  10  is  common  in  water 
from  the  volcanic  rocks  of  the  western  Cascade  Range  (Tmv)  , the 
marine  sedimentary  rocks  (Tm) , and  the  pre-Tertiary  rocks  (pT) . 

Many  wells  in  the  Medford  area  have  boron  concentrations  of  1 to 
20  mg/1,  and  some  contain  excessive  fluoride. 


Present  Use  and  Future  Availability 

Estimates  of  ground-water  withdrawal  and  consumptive  use  in 
Subregion  10  are  given  in  table  426.  Annual  withdrawal  is  about 
70,000  acre-feet  and  consumptive  use  is  about  20,000  acre-feet. 
Probably  at  least  half  of  the  withdrawal  and  consumptive  use  is 
from  the  alluvial  deposits.  Withdrawal  of  about  25,000  acre-feet 
from  the  alluvial  deposits  in  Oregon  is  less  than  2 percent  of  the 
natural  recharge  and  discharge,  and  withdrawal  of  about  10,000  acre- 
feet  in  Washington  is  less  than  0.5  percent  of  the  natural  recharge 
and  discharge  to  those  deposits.  It  is  obvious  that  withdrawals 
could  be  increased  manyfold  without  overdevelopment.  However,  where 
population  and  development  are  concentrated,  local  overdevelopment 
could  occur. 

In  some  valleys  the  alluvial  deposits  are  thin,  not  more 
than  a few  tens  of  feet  of  material  are  saturated  at  some  places. 
Large-diameter  dug  wells  and  infiltration  trenches  have  been  used 
to  develop  moderate  to  moderately  large  yields  in  a number  of 


places  where  the  water  table  is  near  the  land  surface  and  the 
deposits  are  thin.  Large  supplies  of  ground  water  are  available 
from  beach  and  dune  deposits  in  southern  Oregon  (11-23,  42-30). 
Similar  supplies  probably  could  be  developed  at  several  other 
places  along  the  Oregon  and  Washington  coasts. 

The  younger  volcanic  rocks  (QTv)  in  the  High  Cascade  Range 
are  capable  of  yielding  large  to  very  large  quantities  of  water  to 
wells.  Few  wells  obtain  water  from  this  unit  because  the  area 
where  that  unit  crops  out  is  largely  uninhabited.  Increased  use 
probably  will  be  made  of  wells  drilled  in  the  younger  volcanic 
rocks  (QTv)  at  recreational  sites.  However,  the  great  depth  to 
water  limits  the  utility  at  some  places. 

Wells  in  other  aquifer  units  generally  have  only  small 
yields;  a few  have  moderate  yields  but  yields  of  more  than  50  gpm 
are  rare.  Large  supplies  can  be  obtained  only  by  using  several 
wells.  Because  of  low  permeability  of  these  aquifers,  the  cone  of 
depression  around  a well  generally  extends  only  a few  hundred  feet. 
Thus,  although  the  capacity  of  an  individual  well  is  small,  the 
aggregate  capacity  of  the  aquifers  is  large  and  they  will  sustain 
withdrawals  by  tens  of  thousands  of  wells.  They  are,  and  will 
continue  to  be,  very  important  sources  of  water  for  domestic  use 
and  small  public  and  industrial  supplies.  However,  as  was  dis- 
cussed in  a previous  section,  recharge  to  some  deep  aquifers  is 
restricted  by  overlying  materials  of  low  permeability.  Withdrawal 
of  moderately  large  quantities  of  water  may  cause  significant 
declines  in  the  water  level  in  such  situations. 


Artificial  Recharge 

So  far  as  is  known,  no  artificial  recharging  is  done  in 
Subregion  10.  The  alluvial  and  beach  and  dune  deposits  could  be 
recharged  at  many  places;  however,  under  present  levels  of  develop- 
ment, most  of  the  water  added  would  be  wasted  by  an  almost  immediate 
increase  in  natural  discharge.  In  the  future,  if  large  quantities 
of  ground  water  are  developed  from  the  alluvium  at  some  places, 
artificial  recharge  with  surplus  surface  water  in  the  late  spring 
may  be  of  benefit  in  maintaining  the  water  table  at  higher  levels 
during  the  summer. 
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Water  Rights 


Oregon 

In  that  part  of  Subregion  10  located  in  the  State  of 
Oregon,  essentially  the  Oregon  coastal  basins  including  the  Rogue 
and  Umpqua,  primary  water  rights  for  629  wells  were  on  file  with 
the  State  Engineer's  Office  as  of  March  1967.  Primary  rights  allow 
withdrawal  of  72,446  acre-feet,  of  which  39,778  acre-feet  is  for 
industrial  use  and  17,170  acre-feet  is  for  irrigation  of  6,868  acres. 
The  maximum  allowed  rate  of  withdrawal  is  161  cfs  (72,300  gpm)  , 
during  the  irrigation  season.  Data  on  supplemental-water  rights 
are  not  available.  Ground-water  rights  are  summarized,  by  major- 
use  category,  in  table  427. 


Table  427  - Summary  of  Ground-Water  Rights,  Oregon  Pert  of  Subregion  10,  1967 


Number 

Basin 

So.  Name 

of 

Wells 

Domestic 

Municipal 

Industrial 

Irrigation 

Other 

Total 

(•c-ft) 

(ic-ft) 

(ac-fii 

(acres) 

(•c-ft) 

(•c-ft) 

(ac-ft) 

1 North  Coast 

32 

0 

4,116 

0 

1,048 

2,626 

159 

6,901 

IS  Rogue 

446 

0 

3.S89 

2,840 

S ,066 

12.6S8 

80 

19.167 

16  Umpqua 

44 

0 

14 

0 

526 

1,315 

33 

1,362 

17  South  Coast 

98 

0 

4.988 

36,938 

223 

558 

0 

42,484 

>8  Mid  Coast 

9 

0 

2.419 

0 

5 

13 

100 

2,532 

TOTAL 

629 

0 

IS, 126 

39,778 

6,868 

17,170 

372 

72,446 

Washington 


In  that  part  of  Subregion  10  located  in  the  State  of 
Washington,  essentially  Water  Resource  Inventory  Areas  19  through 
24  (figure  666) , a total  of  574  active  ground-water  right  appro- 
priation and  declaration  records,  in  permit  and  certificate  stages, 
were  on  file  with  the  Department  of  Water  Resources  on  September  30, 
1966.  Prime  rights  in  this  area  allow  summer  period  consumptive 
withdrawals  totaling  152,697  gpm  (340  cfs).  A total  of  780  gpm 
has  been  appropriated  under  supplemental  rights. 


Tsbl*  428  - Si emery  of  Ground-Water  Rights,  Washington  Part  of  Subregion  10,  1966 


8as|n 

No. 2/  River  Basin 

Municipal 

Irrigation 

Individual 
and  Community 
Domestic 

Industrial 

and 

Commercial 

Fish 

Propagation 

Stock 

Totali/ 

19  N.  Olympic  Pen. 

(Cal Ions  per  fa  nut e) 
585 

S8S 

20  N.W.  Olympic  Pen. 

790 

- 

222 

13 

* 

• 

21  S.W.  Olympic  Pen. 

. 

830 

863 

300 

• 

- 

1 ,613 

3,560 

20,035 

3,695 

28,750 

• 

630 

53,672 

22  Lower  Chehalis 

9.500 

47,962 

22,011 

4,462 

200 

S.337 

60,161 

24  Willapa 

: 

3S.IQ7 

1,216 

240 

1.31Q 

3S.6S4 

TOTAL 

13,850 

103,934 

28,592 

33,765 

200 

7,277 

152,697 

1 / Water  Resource  Inventory  Area  number  as  shown  in  figure  666. 

2/  Total  prime  right  quantities  do  not  agree  with  the  sia  of  the  uses  because  (1)  only  the  wore  important  use  categories 
are  listed  and  (2)  water  right  quantities  that  are  coamnn  to  two  or  more  uses  are  listed  under  each  applicable  use 
category. 
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Prime  water-right  quantities  for  the  more  important  use 
categories  and  total  actual  ground-water  right  quantities  are  listed 
in  table  428,  according  to  Water  Resource  Inventory  Areas  as  defined 
by  the  State  of  Washington,  Department  of  Water  Resources.  (Regional 
Summary)  More  detailed  information  about  specific  rights  can  be 
obtained  from  the  Department  of  Water  Resources. 


RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

Ground  water  is  effluent  to  streams  everywhere  in 
Subregion  10,  except  for  a narrow  strip  along  the  coast  where 
discharge  is  directly  into  the  ocean.  In  a few  broader  reaches  of 
some  of  the  larger  valleys,  ground  water  may  temporarily  be  pre- 
vented from  entering  the  stream  during  flood  stages;  otherwise, 
ground  water  is  effluent  to  streams  throughout  the  year.  Ground- 
water  effluent  makes  up  more  than  80  percent  of  the  average  flow 
of  streams  draining  the  younger  volcanic  rocks  (QTv)  as  indicated 
by  records  of  streamflow  in  the  Rogue  and  North  Umpqua  Rivers.  No 
stream  drains  an  area  underlain  exclusively  or  even  mostly  by  the 
alluvial  deposits  (Qal)  so  the  relation  of  ground  water  to  surface 
water  could  not  be  determined.  For  all  other  aquifer  units,  the 
ground-water  component  is  between  15  and  30  percent  of  the  average 
annual  discharge  of  the  streams  draining  them.  However,  the  ground- 
water  component  at  any  particular  instant  ranges  from  a few  percent 
during  floodflows  to  100  percent  during  some  periods  of  dry  weather. 

The  rate  of  decrease  in  ground-water  discharge  during 
periods  of  no  recharge  is  least  in  the  younger  volcanic  rocks  (QTv). 
During  a 120-day  recession,  ground-water  discharge  declines  to 
about  30  to  35  percent  of  the  discharge  at  the  beginning  of  the 
period,  where  the  beginning  rate  is  near  the  maximum.  In  contrast, 
the  rates  of  decrease  in  ground-water  discharge  in  other  aquifer 
units  is  much  greater.  Usually  during  a 120-day  recession,  from 
near  the  maximum  rate,  ground-water  discharge  declines  to  10  to 
20  percent  of  the  discharge  at  the  beginning  of  the  period. 

Selected  hydrographs  illustrating  low-flow  characteristics  are 
shown  in  figure  774. 
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SUBREGION  11,  PUGET  SOUND 


HYDROLOGIC  FRAMEWORK 

The  Puget  Sound  Subregion  lies  wholly  within  the  State  of 
Washington  and  includes  the  area  south  of  the  international  bound- 
ary that  is  drained  by  streams  flowing  into  Puget  Sound,  Hood  Canal, 
Strait  of  Georgia,  and  the  Strait  of  Juan  de  Fuca  east  of  and  in- 
cluding the  Elwha  River  as  shown  on  figure  775.  The  area  is  bounded 
on  the  north  by  Canada,  on  the  east  by  the  Cascade  Range,  on  the 
west  by  the  Olympic  Mountains,  and  on  the  south  by  a range  of  low 
hills.  The  area  covers  13,355  square  miles,  of  which  157  square 
miles  are  fresh  water  and  13,198  are  land.  This  represents  about 
5 percent  of  the  total  area  of  the  region.  In  addition,  there  are 
about  2,500  square  miles  of  salt  water  that  may  be  considered  to 
lie  within  the  subregion  boundaries. 

The  general  physiographic  features  of  the  subregion  are  shown 
on  figure  2.  The  Puget  Sound  Subregion  occupies  a broad  north- 
trending  structural  trough  whose  east  and  west  flanks  are  composed 
of  consolidated  rocks.  The  mountains  were  eroded  to  their  present 
relief  and  the  resulting  sediments  were  accumulated  in  the  trough. 
During  the  glacial  periods,  the  prominent  cones  of  the  Cascade 
Range  were  formed--Mount  Baker,  Mount  Rainier,  and  Glacier  Peak. 
Characteristic  of  the  present  postglacial  terrain  are  numerous  lakes 
and  swales,  deranged  drainage  patterns,  and  broad,  deeply  incised 
valleys.  The  sediments  on  valley  floors  are  postglacial  alluvial 
deposits  associated  with  flood  plains  and  deltas  of  the  modem 
drainage  system. 

Streams  in  this  subregion  averaged  about  54  inches  of  runoff 
per  year  or  53,100  cfs  during  the  period  1929-58.  Many  perennial 
streams  drain  less  than  1,000  square  miles. 

The  headwaters  of  the  streams  lying  on  the  west  side  of 
Puget  Sound  are  in  the  Olympic  Mountains,  the  site  of  many  small 
alpine  glaciers  and  perennial  snowfields.  A large  percentage  of 
the  streamflow  occurs  during  the  winter  from  rainfall,  with  a smaller 
proportion  in  the  spring  from  snowmelt.  Stream  gradients  generally 
are  about  5 percent  in  the  upper  reaches,  but  are  less  than  1 per- 
cent in  the  lower  valleys.  The  principal  streams  are  the  Elwha  and 
Skokomish  Rivers,  and  less  important  are  the  Dungeness,  Dosewallips, 
Duckabush,  and  Hamma  Hamma  Rivers.  The  Skokomish  River  Basin  con- 
tributes about  100  inches  of  runoff  per  year,  the  other  basins 
lesser  amounts--down  to  32  inches  in  the  Dungeness  River  Basin. 
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Numerous  rivers  drain  the  west  slope  of  the  Cascade 
Mountains.  Some  of  them  originate  in  the  many  glaciers  located 
in  the  north  Cascades.  These  glaciers  tend  to  regulate  streamflow 
by  accumulating  and  storing  precipitation  during  cold,  wet  years 
and  releasing  more  than  average  amounts  of  water  during  hot,  dry 
years.  This  natural  regulation  of  runoff  by  glaciers  results  in  a 
more  uniform  annual  distribution.  Stream  gradients  are  similar  to 
those  in  the  Olympic  Mountains.  The  principal  streams  in  the  western 
Cascade  Mountains  are  the  Deschutes,  Nisqually,  Puyallup,  Green, 
Cedar,  Snohomish,  Stillaguamish,  Skagit,  and  Nooksack  Rivers.  The 
Stillaguamish  River  Basin  discharges  about  100  inches  of  runoff  per 
year,  the  other  basins  lesser  amounts  down  to  about  50  inches  in 
the  Puyallup  River. 

Glaciers  cover  about  120  square  miles  and  represent  80  per- 
cent of  the  glacier  area  in  the  Columbia-North  Pacific  Region  and 
60  percent  of  the  glacier  area  in  the  conterminous  United  States. 
Approximately  36  million  acre- feet  of  water  is  currently  stored  as 
glacier  ice. 

The  native  land  cover  is  dominated  by  dense  conifer  forests. 
Where  precipitation,  soil  moisture,  or  temperature  create  an  en- 
vironment not  conducive  to  forest  growth,  grassland  prairies  and 
open  park-like  areas  occur.  On  areas  of  well-drained  soil  Douglas- 
fir  is  the  primary  specie,  but  western  white  pine  has  been  planted 
in  many  of  these  areas  following  logging  or  forest  fires.  The 
poorly  drained  soils  are  better  suited  for  western  hemlock,  western 
red  cedar,  and  red  alder.  Restocking  of  logged  or  burned  areas  at 
higher  altitudes  is  primarily  with  western  hemlock,  Sitka  spruce, 
and  true  firs.  Big-leaf  maple  and  willow  occur  throughout  the 
conifer  woodlands.  Black  cottonwood  occurs  in  bottomland  soil 
areas  subject  to  flooding. 

Generally,  a wide  variety  of  small  trees,  shrubs,  and  vines 
form  a dense  ground  cover  in  all  forested  tracts.  This  cover  is 
dominated  by  ferns  and  mosses  in  shaded  areas.  Vegetative  cover 
of  the  prairie  areas  consists  mostly  of  grasses.  However,  scat- 
tered stands  of  Douglas-fir  and  Oregon  white  oak  are  common. 
Scotch-broom  has  invaded  parts  of  the  prairie  areas  to  the  detriment 
of  grass  and  woodland  cover. 

.* 

The  cities  of  Seattle,  Tacoma,  Everett,  and  Bellingham  are 
located  in  the  Puget  Sound  Subregion  and  the  concentration  of  pop- 
ulation, 1,904,900  in  1965,  is  the  highest  of  any  area  of  similar 
size  in  the  Pacific  Northwest. 
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CLIMATE 


Most  of  the  air  masses  reaching  Subregion  11  originate  over 
the  Pacific  Ocean.  The  maritime  air  has  a moderating  influence  in 
both  winter  and  summer.  Terrain,  position,  and  intensity  of  the 
high-  and  low-pressure  centers  over  the  North  Pacific,  prevailing 
wind,  and  location  with  respect  to  storm  tracts  over  the  ocean, 
also  influence  the  climate. 

fo  the  east  and  oriented  in  a north-south  direction,  the 
Cascade  Range  and  Rocky  Mountains  shield  western  Washington  from 
cold  winter  air  masses  traveling  southward  across  Canada.  Occa- 
sionally, dry  continental  air  from  the  north  or  east  reaches  Puget 
Sound.  To  the  west,  the  Coast  Range  on  the  Olympic  Peninsula  and 
Vancouver  Island  are  effective  in  protecting  this  area  from  the 
more  intense  winter  storms  reaching  the  coast.  The  Strait  of  Juan 
de  Fuca,  Strait  of  Georgia,  and  the  Chehalis  River  Valley  provide 
low-level  passages  for  maritime  air  moving  inland. 


Precipitation 


There  is  a well-defined  rainy  season  in  winter  and  a dry 
season  in  summer.  Maritime  air  reaching  the  Washington  coast  in 
late  fall  and  winter  is  moist  and  near  the  temperature  of  the 
ocean's  surface.  Orographic  lifting  and  cooling  as  the  air  moves 
inland  result  in  persistent  cloudiness  and  widespread  precipitation. 
Precipitation  is  light  in  summer,  increases  in  fall,  reaches  a peak 
in  winter,  then  decreases  in  spring  with  a slight  increase  in  May 
and  June  followed  by  a sharp  drop  near  the  first  part  of  July. 

Fifty  percent  of  the  average  annual  precipitation  falls  in  the  4 
months,  October  through  January,  and  75  percent  in  the  6 months, 
October  through  March.  Total  rainfall  for  the  2 months,  July  and 
August,  is  less  than  5 percent  of  the  annual.  Table  429  and  fig- 
ure 775  give  precipitation  data  and  location  of  precipitation 
stations.  ** 


Table  429.  Average  Monthly  and  Annual  Precipitation  (inches),  pUget  Sound  Subregion,  1031-00 


Station 

rre'va- 

tion 

Jan. 

Feb. 

Mar. 

Afr. 

May 

June 

July 

Aut-, 

Oct. 

Nov. 

Dec. 

Annual 

Anacortes 

30 

3.40 

2.53 

2.39 

1.52 

1.27 

1.51 

0.7S 

0.47 

1.45 

2.64 

3.44 

3.42 

25.70 

iel linghan  2 N 

112 

4.14 

3.22 

3.11 

2.26 

1 • 82 

1.03 

.09 

1.10 

1.04 

3,64 

4.51 

4.49 

53.  S9 

Concrete 

270 

S.I0 

7.03 

6.70 

4.12 

2.i7 

2.75 

1.30 

1.S0 

3.57 

7.03 

9. 10 

10.34 

65.21 

Cushman  Dan 

760 

10.  OS 

12.31 

10.41 

6.07 

3.33  2.44 

1.24 

1.34 

3.74 

0.73 

14.73 

14.14 

100.25 

Carrington 

SSO 

11.79 

9.37 

1.13 

5.30 

3.43 

3.20 

1.36 

1.50 

3.92 

4.23 

11.14 

13.14 

•0.51 

Creenwater  \/ 

1,701 

7.  Si 

0.45 

5.39 

4.40 

3.40 

3.16 

1.07 

1.39 

3.63 

6.30 

4.41 

4.23 

60.70 

Newhalea 

523 

ID.  •• 

1.77 

7.45 

4.75 

2.94  2.70 

1.50 

1.70 

4.14 

4.06 

11.04 

13.33 

74.22 

Olynpia  si  A P 

00 

7.15 

0.62 

5.40 

2.00 

2.01 

1.79 

.70 

.49 

2.09 

5.24 

7.67 

9. OS 

52.37 

Falser  3 St 

•95 

11.23 

0.31 

10.33 

7.S4 

s.»i 

5.35 

2.20 

2.49 

5.21 

9.30 

11.9S 

13.75 

94.  S4 

Port  Angeles 

99 

J.«7 

3.0* 

1.99 

l.G« 

.19 

.96 

.41 

.51 

1.10 

2.44 

3.77 

4.35 

24.61 

S.SSO 

14.90 

11.22 

10.05 

6.43 

4.04 

4.42 

1.61 

2.41 

6.00 

10.79 

13.64 

10.51 

103. 73 

Scenic 

2,224 

11.19 

9.40 

S.S4 

5.42 

4.00 

3.27 

1.21 

1.33 

3.42 

4.35 

11.92 

13.44 

43.04 

Seattle  MS  City 

14 

5.19 

3.90 

3.32 

1.97 

1.50 

1.41 

.63 

.74 

1.65 

3.24 

S.00 

5.42 

34.10 

Sequin 

1*7 

2.  IS 

1.73 

1.30 

.*3 

.97 

1.  IS 

.47 

.59 

.95 

1.57 

2.31 

2.66 

16.41 

SnoquaUle  Pass  XJ  3,020 

14. *4 

12.00 

11.07 

5.92 

4.30 

4.10 

1.54 

2.19 

4.SS 

9.44 

15.51 

17.15 

100.31 

Startup  1 k 

170 

7.S9 

0.31 

6.20 

4.74 

4.32 

3.49 

1.70 

1.77 

3.72 

6.72 

4.40 

4.73 

04.15 

T aeons  1/ 

127 

3. SO 

4.40 

3.70 

2.05 

1.92 

1.45 

.6S 

.70 

1.94 

5.49 

5.64 

6.45 

54.10 

J / /erloJ  la  shorter  or  longer  titan  the  30-year  normal. 
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NOTES 

1 ISOHYCTAL  ANALYSIS  PREPARED  If  THC  US  WEATHER  BUREAU 
NIVEN  FORECAST  CENTER,  PONT  LAND. OREGON,  USING  AO'U'TEO 
CLIMATOLOGICAL  DATA  (WSO-IBST)  ANO  VALUES  DERIVE  IT 
CORRELATION  WITH  PHYSIOGRAPHIC  FACTORS 

2 STATIONS  INDICATED  DO  NOT  INCLUDE  ALL  OP  THOSE  USED 
IN  PREPARING  THE  MAP 


COLUMBIA- NORTH  PACIFIC 
COMPREHENSIVE  FRAMEWORK  STUOY 

MEAN  ANNUAL  PRECIPITATION 
IN  INCHES 

PUGET  SOUND  SUBREGION  II 


FIGURE  775 


The  driest  section,  located  northeast  of  the  Olympic  Moun- 
tains and  often  referred  to  as  the  "rain  shadow  of  the  Olympics," 
receives  17  to  30  inches  of  precipitation.  This  dry  belt  extends 
eastward  from  Port  Angeles  to  near  Everett  and  northward  into  the 
San  Juan  Islands.  Frequently,  only  drizzle  or  light  rain  falls  in 
this  area,  when  other  localities  are  receiving  light  or  moderate 
rainfall.  Annual  precipitation  ranges  from  35  to  50  inches  over 
most  of  the  lowlands,  and  increases  to  75  inches  in  the  foothills 
and  to  100  to  150  inches  or  more  on  the  wettest  slopes  of  the 
Cascade  Range  and  Olympic  Mountains. 

Figure  775  is  an  isohyetal  map  of  mean  annual  precipitation 
prepared  by  the  Weather  Bureau  River  Forecast  Center,  Portland, 
Oregon,  using  climatological  data  (1930-57)  and  information  derived 
from  correlations  with  physiographic  factors. 

During  the  wet  season,  rainfall  usually  is  of  light  to  mod- 
erate intensity  and  falls  almost  continuously  rather  than  in  heavy 
downpours.  Measurable  rainfall  is  recorded  on  4 to  8 days  each 
month  in  summer,  10  to  15  days  in  spring  and  fall,  and  20  to  25  days 
in  winter. 

Most  winter  precipitation  falls  as  rain  at  elevations  below 
1,500  feet,  as  rain  or  snow  between  1,500  and  2,500  feet,  and  as 
snow  at  the  higher  elevations.  In  the  mountains,  snow  can  be  ex- 
pected in  October  and  to  remain  on  the  ground  from  November  until 
June  or  July.  At  elevations  above  8,000  feet,  snowfall  in  midsummer 
is  not  unusual.  Winter  snowfall  is  from  10  to  30  inches  over  the 
lowlands  near  Puget  Sound,  75  to  100  inches  in  the  foothills,  and 
300  to  500  inches  in  the  mountains.  Annual  snowfalls  greater  than 
900  inches  have  been  recorded  at  the  Rainier  Paradise  weather 
station . 

The  terrain  and  exposure  of  an  area  have  an  influence  on 
snow  accumulation.  Maximum  depths  that  can  be  expected  are  15  to 
30  inches  over  the  lowlands,  30  to  50  inches  in  valleys  near  the 
mountains  and  over  the  foothills,  150  to  200  inches  at  3,000  feet, 
and  200  to  300  inches  above  4,500  feet.  Density  of  the  mountain 
snowpack  increases  from  approximately  25  percent  water  equivalent 
in  early  winter  to  45  percent  in  April. 


Temperature 

During  the  warmest  summer  months,  average  maximum  tempera- 
tures over  the  islands  and  along  the  sound  are  in  the  lower  70 's, 
increasing  to  the  upper  70' s near  the  foothills,  then  decreasing 
to  the  60's  in  the  mountains.  Maximum  temperatures  reach  85°  to 
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T»bl*  430.  Average  end  Extreae  Teapereturei  (*F),  Puget  Sotnd  Subregion 


Station 

Data 

Jan. 

Feb. 

Mar. 

*Pr- 

Hay 

Jute 

July 

Aug._ 

Oct. 

Nov. 

Dec. 

Annual 

Bellinghaw  2 N 

Av.  Max. 

43.2 

47.5 

51.9 

58.4 

64.5 

69.3 

73.9 

73.8 

69.0 

60.2 

51.2 

45.8 

59.1 

48  years 

Av.  Min. 

29.5 

31.4 

33.8 

37.2 

42.7 

46.3 

48.2 

47.8 

43.8 

39.4 

34.9 

32.1 

38.9 

Mean 

36.8 

39.  S 

43.0 

48.0 

53.2 

57.8 

61.0 

60.6 

56.7 

50.1 

43.1 

39.6 

49.1 

Highest 

64 

66 

72 

82 

i'J 

97 

95 

96 

90 

83 

71 

67 

97 

Lowest 

-4 

-3 

10 

19 

22 

29 

34 

31 

23 

10 

3 

-4 

-4 

Concrete 

Av.  Max. 

41.3 

47.2 

54.1 

62.7 

68.8 

72.5 

78.5 

77.9 

72.0 

61.6 

49.3 

43.8 

60.8 

43  years 

Av.  Min. 

30.0 

32.4 

35.0 

39.4 

44.7 

49.5 

52.1 

51.9 

48.7 

43.6 

36.7 

33.5 

41. S 

Mean 

36.7 

40.1 

44.5 

51.3 

57.3 

61.1 

65.4 

65.2 

61.2 

53.3 

43.7 

39.2 

51.6 

Highest 

69 

74 

82 

93 

96 

106 

102 

102 

102 

87 

74 

63 

106 

Lowest 

-1 

1 

11 

25 

29 

35 

38 

31 

30 

10 

7 

9 

-1 

Cushman  Dam 

Av.  Max. 

43.3 

46.8 

51.4 

59.8 

67.5 

71.7 

78.4 

77.5 

72.1 

61.7 

50.6 

45.6 

60.5 

27  years 

Av.  Min. 

30.9 

32.3 

34.1 

38.3 

43.7 

48.0 

51.0 

51.3 

48.7 

43.5 

36.8 

33.9 

41.0 

Mean 

37.1 

39.6 

42.8 

49.0 

55.6 

59.8 

64.7 

64.4 

60.4 

52.6 

43.6 

39.7 

50.8 

Highest 

65 

71 

76 

90 

93 

100 

104 

99 

96 

89 

75 

60 

104 

Lowest 

-2 

4 

15 

24 

29 

36 

40 

41 

34 

27 

8 

13 

-2 

Newhalew 

Av.  Max. 

38.1 

43.9 

50.6 

58.8 

68.7 

72.4 

79.5 

78.0 

72.0 

59.5 

47.3 

41.0 

59.2 

35  years 

Av.  Min. 

29.1 

31.5 

34.1 

38.8 

44.4 

48.8 

52.1 

52.4 

49.1 

43.5 

36.5 

32.8 

41.1 

Mean 

33.8 

37.5 

42.0 

49.5 

56.4 

60.4 

65.5 

65.1 

60.7 

51.6 

41.9 

36.9 

50.1 

Highest 

57 

71 

78 

91 

98 

109 

109 

105 

99 

83 

92 

65 

109 

Lowest 

-6 

-4 

9 

26 

31 

35 

41 

40 

32 

23 

7 

6 

-6 

Olyapla  WB  A P 

Av.  Max. 

43.2 

48.0 

51.8 

59.4 

66.9 

70.5 

77.5 

76.0 

71.4 

60.7 

50.6 

45.6 

60.1 

19  years 

Av.  Min. 

29.9 

32.4 

33.1 

36.7 

41.9 

46.6 

49.3 

49.0 

45.4 

40.6 

35.5 

33.3 

39. S 

Mean 

38.1 

40.9 

44.2 

50.0 

55.1 

59.1 

63.9 

63.4 

58.5 

51.4 

43.8 

40.7 

50.8 

Highest 

63 

67 

75 

85 

92 

101 

103 

100 

95 

8S 

74 

64 

103 

Lowest 

0 

-1 

13 

24 

25 

34 

37 

37 

29 

22 

-1 

12 

-1 

Palaer  3 SE 

Av.  Max. 

40.9 

45.2 

50.2 

57.8 

65,0 

69.2 

76.1 

74.9 

69.4 

S9.6 

49.1 

43.5 

58.4 

36  years 

Av.  Min. 

30.1 

31.9 

34.0 

37.6 

42.  S 

46.9 

50.1 

S0.1 

47.3 

42.3 

36.6 

33.4 

40.2 

Mean 

35.  S 

38.  S 

42.1 

47.7 

53.8 

5 8.0 

63.1 

62.5 

S8.3 

51.0 

42.8 

38.4 

49.3 

Highest 

66 

66 

78 

88 

91 

102 

101 

101 

95 

86 

74 

65 

102 

Lowest 

0 

4 

12 

22 

30 

32 

33 

38 

32 

21 

6 

6 

0 

Rainier  Paradlae  Av.  Max. 

32.4 

33.8 

36.1 

42.8 

49.8 

54.2 

63.3 

62.7 

58.4 

48.2 

39.8 

34.2 

46.3 

2t  yean 

Av.  Min. 

19.4 

20.3 

21.0 

26.0 

31.6 

36. 5 

42.5 

43.4 

39.7 

32.9 

26.4 

21.8 

30.1 

Mean 

25.8 

27.1 

28.6 

34.4 

40.7 

45.3 

52.8 

53.1 

49.0 

40.5 

33.1 

28.0 

38.2 

Highest 

62 

62 

70 

70 

88 

86 

87 

92 

89 

79 

78 

62 

92 

Lowest 

-14 

-12 

-2 

2 

14 

13 

20 

24 

18 

2 

-11 

-20 

-20 

Seattle  n City 

Av.  Max. 

44.8 

47.8 

51.9 

58.2 

64.1 

68.6 

73.9 

73.1 

67.5 

59.1 

51. 2 

46.8 

58.9 

Av.  Min. 

36.1 

37.3 

39.3 

42.8 

47.7 

52.1 

55.3 

55.3 

52.2 

47.2 

41.5 

38.3 

4S.4 

Mean 

41.2 

43.6 

46.4 

SI. 8 

S7.4 

61.4 

65.6 

65.0 

61.2 

54.4 

46.9 

43.8 

S3. 2 

Highest 

67 

70 

81 

87 

92 

100 

100 

97 

92 

82 

70 

65 

100 

Lowest 

3 

4 

20 

30 

35 

40 

56 

56 

36 

29 

13 

12 

3 

Sequin 

Av.  Max. 

44.7 

47.7 

51.4 

57.3 

62.9 

66.9 

71.0 

71.7 

67.6 

59.3 

50.7 

46.3 

58.1 

38  yeara 

Av.  Min. 

30.6 

32.0 

33.6 

37.7 

42.0 

47.0 

49.0 

49.2 

46.5 

41.0 

35.5 

32.6 

39.7 

Mean 

37.9 

40.1 

42.8 

47.8 

53.1 

57.2 

60.4 

60.8 

57.4 

SO.  6 

43.6 

40.2 

49.3 

Highest 

61 

66 

69 

80 

84 

91 

99 

94 

87 

76 

67 

63 

99 

Lowest 

-3 

7 

IS 

20 

27 

30 

36 

38 

27 

21 

9 

1 

-3 

Startup  1 E 

Av.  Max. 

46.0 

51.1 

54.2 

61.9 

68.4 

72.3 

78.4 

77.7 

71.4 

62.3 

52.5 

47.1 

61.9 

32  yean 

Av.  Min. 

33.1 

35.2 

36.1 

39.7 

44.0 

47.7 

49.4 

49.5 

46.9 

42.8 

37.1 

34.6 

41.3 

Mean 

39.5 

43.1 

4S.1 

S1.0 

56.2 

60.0 

63.9 

63.7 

59.2 

52.5 

44.8 

40.9 

51.7 

Highest 

67 

72 

83 

90 

96 

106 

103 

100 

98 

87 

78 

65 

106 

Lowest 

-8 

-4 

6 

23 

28 

32 

35 

36 

32 

19 

4 

8 

-8 

late:  The  Been  temperature  ie  for  the  noraal  period  1^31 -60,  other  Jet a ere  for  the  period  ot  record  through 

1960. 


90°F.  for  periods  of  5 to  15  days  annually,  and  95°  to  100°F.  has 
been  recorded  in  most  of  the  lower  valleys.  Table  430  and  figure 
775  present  temperature  data  and  location  of  weather  stations. 

The  highest  temperatures  and  lowest  relative  humidity  occur  during 
periods  of  easterly  winds  which  seldom  persist  longer  than  3 to  5 
days.  Average  minimum  summer  temperatures  are  in  the  50' s over  the 
lowlands  and  in  the  40's  in  the  mountains.  At  altitudes  above  5,000 
feet,  below-freezing  temperatures  are  not  unusual  in  midsummer. 

In  winter,  average  maximum  temperatures  over  the  lowlands 
range  from  upper  30' s to  mid- 40' s and  minimums  from  upper  20' s to 
mid-30's.  Below-freezing  temperatures  are  observed  for  periods  of 
30  to  90  nights,  depending  on  air  drainage,  distance  from  the  sound, 
and  elevation.  Almost  every  winter,  temperatures  ranging  from  10° 
to  20°F.  occur  on  a few  nights  and  zero  readings  have  been  recorded 
at  many  stations.  In  the  mountains,  temperatures  can  be  expected 
to  decrease  3°  to  4°F.  with  each  1,000-foot  increase  in  elevation. 

At  altitudes  of  3,000  to  4,000  feet,  average  maximum  winter  temper- 
atures are  near  30°F.  and  minimums  are  near  20°F.  Below- freezing 
temperatures  are  recorded  on  most  nights  between  October  and  April. 
The  coldest  weather  occurs  when  the  Pacific  Northwest  is  under  the 
influence  of  air  from  the  interior  of  the  continent.  Outbreaks  of 
cold  air  through  the  Fraser  River  canyon  of  neighboring  British 
Columbia  are  observed  each  winter.  Frequently,  the  cold  air 
travels  across  the  lowlands  in  northern  counties,  then  westward 
through  the  Strait  of  Juan  de  Fuca;  however,  during  the  more  intense 
surges,  it  may  spread  over  the  entire  Puget  Sound  area.  Outbreaks 
of  cold  air  are  generally  of  short  duration. 

The  longest  growing  season,  180  to  220  days,  is  on  the 
islands  and  near  the  sound.  The  shortest  growing  season,  145  to 
175  days,  is  in  valleys  that  are  separated  from  the  water  by 
ridges,  and  in  the  foothills.  The  average  date  of  the  last  freez- 
ing temperature  in  spring  is  mid-April  near  the  water  and  in  mid- 
May  or  later  in  the  colder  valleys.  The  average  date  of  the  first 
32#F.  temperature  in  the  fall  occurs  during  the  last  of  October 
near  the  water  and  during  the  last  of  September  in  the  colder  areas. 


Wind 

The  Cascade  Range  to  the  east  and  low-level  passages  through 
the  Coast  Range  to  the  west  cause  a unique  wind  pattern.  In 
general,  the  prevailing  direction  of  the  wind  is  south  or  southwest 
in  winter  and  west  or  northwest  in  summer.  During  the  winter  season, 
the  combined  influences  of  low-pressure  systems  off  the  coast  and 
outbreaks  of  cold  air  through  the  Fraser  River  canyon  produce 
strong  northeasterly  winds  over  the  northern  counties,  the  San  Juan 
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Sunshine 


The  number  of  clear  or  only  partly  cloudy  days  each  month 
is  from  4 to  7 in  winter,  10  to  15  in  spring  and  fall,  and  20  or 
more  in  summer.  Approximately  20  percent  of  the  possible  sunshine 
is  received  in  winter,  40  to  50  percent  in  spring  and  fall,  and 
60  to  70  percent  in  summer.  The  "rain  shadow"  area  of  the  Olympic 
Mountains  receives  slightly  more  sunshine  than  other  localities  in 
this  subregion;  however,  the  difference  is  not  proportional  to  the 
decrease  in  precipitation. 


SURFACE  WATER 

The  Elwha  and  Skokomish  Rivers  on  the  east  slope  of  the 
Olympic  Mountains  have  both  been  developed  for  hydroelectric  power. 
The  Dungeness  River,  which  discharges  only  about  one-third  as  much 
water  per  square  mile  as  adjacent  streams  because  the  basin  lies 
in  the  rain  shadow  of  the  Olympic  Mountains,  is  developed  for  fish 
propagation,  irrigation,  and  municipal  supply. 

The  Puyallup,  White,  and  Nisqually  Rivers  are  used  for 
hydroelectric  power  generation.  Mud  Mountain  Dam  on  White  River 
provides  flood  control  for  lower  Puyallup  River  valley.  The  Green 
and  Cedar  Rivers  have  no  glaciers  at  their  headwaters  and  are  used 
chiefly  to  provide  large  quantities  of  water  for  municipal  supplies; 
Cedar  River  also  produces  hydroelectric  power;  Howard  Hansom  Dam 
located  in  the  upper  Green  River  Basin,  provides  storage  for  flood 
control  and  low-flow  augmentation.  The  Snoqualmie  River  system 
furnishes  both  hydroelectric  power  and  water  for  municipal  supply. 
The  Skagit  River,  the  largest  river  in  the  Puget  Sound  Subregion, 
drains  about  3,100  square  miles,  of  which  400  square  miles  are  in 
Canada.  It  is  the  only  river  in  Subregion  11  that  is  developed  to 
a large  extent,  with  important  hydroelectric  facilities  in  the 
upper  basin  and  on  a tributary,  the  Baker  River.  Ross  Reservoir, 
with  nearly  1.5  million  acre-feet  of  storage,  has  a significant 
influence  on  Skagit  River  in  that  it  completely  controls  the  flow 
at  the  dam.  Navigational  use  is  important  in  the  lower  reaches 
of  Skagit  River.  The  Nooksack  River  produces  some  electric  power. 
Water  is  used  for  irrigation  in  most  of  the  major  river  basins. 


Quantity 

Average  discharge  of  streams  in  the  subregion  totals  about 
53,100  cfs  (38.45  million  acre- feet  annually)  of  which  about 
1,000  cfs  originates  in  Canada.  This  averages  3.9  cfs  per  square 
mile,  the  second  highest  rate  of  any  subregion  in  the  Columbia- 
North  Pacific  Region. 
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Present  Utilization 


Nearly  three-fourths  of  the  water  withdrawn  for  consumptive 
uses  (about  1,100  cfs)  is  for  municipal  supplies  (350  cfs  domestic 
and  485  cfs  industrial);  self-supplied  industry  withdraws  82  cfs. 
Irrigation  is  a minor  withdrawal,  only  121  cfs,  but  it  is  the  major 
consumer,  74  cfs  of  the  total  of  235  cfs,  consumed  in  the  subregion. 
Thermal  power  is  generated  only  in  times  of  emergency  and  presently 
uses  only  insignificant  amounts  of  water.  About  2.5  percent  of  the 
average  discharge  was  withdrawn  in  1965  for  consumptive  uses,  but 
less  than  1 percent  was  actually  consumed.  A major  amount  of  water 
is  used  to  generate  hydroelectric  power.  There  is  navigation  on 
the  lower  Skagit  River  and  large  volumes  of  ocean-going  traffic 
pass  through  the  salt  waters  within  the  subregion  boundaries. 
Recreation  is  popular  and  water  use  for  recreation  is  growing  rap- 
idly, Because  of  the  mild  climate  and  abundance  of  water,  recrea- 
tion is  becoming  a major  industry.  All  waters  are  used  to  some 
extent  for  fish  and  wildlife.  The  abundance  of  water  makes  it 
generally  available  for  the  transport  and  dilution  of  waste,  but 
pollution  is  a problem  in  the  lower  reaches  of  some  streams. 


Stream  Management 

Competition  for  water  among  the  various  users  necessitates 
efficient  stream  management.  Storage  and  release,  diversions, 
conservation,  legal  constraints,  etc.,  all  are  a part  of  the  water- 
management  system. 


Impoundments  Reservoirs  having  a total  capacity  of  5,000 
acre-feet  or  more  are  listed  in  table  431.  Ross  Reservoir  on  the 
Skagit  River  is  the  largest  impoundment  in  the  subregion.  Although 
recreation  was  specifically  considered  as  a use  in  the  planning  of 
only  two  of  these  reservoirs,  most  of  them  are  heavily  used  for 
recreation. 

* 

Many  of  the  large  reservoirs  are  used  in  power  production 
resulting  in  considerable  regulation.  River  discharges  change 
abruptly  with  power  loads  and  on  weekends,  when  less  power  is 
required,  flows  may  be  low.  During  the  summer,  municipal  reservoirs 
are  drawn  down  by  increased  water  use  principally  to  satisfy  lawn- 
watering and  air-conditioning  needs.  Dams,  such  as  Mud  Mountain, 
that  were  built  for  flood  control  only,  remain  empty  except  during 
and  imnediately  following  floods  when  water  is  released  at  a 
relatively  constant  rate  until  the  reservoir  becomes  virtually  dry. 
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Table  431  - Reservoirs  Having  a Total  Capacity  of  S,000  Acre-Feet  or  More,  Subregion  11 


Naae 

Strean 

Total 

Storage 

(ac-ft) 

Active 

Storage 

(ac-ft) 

Surface 

Area 

(acres) 

Purpose!/ 

Alder  Lake 

Nisqually  R. 

232,000 

180,000 

3,065 

P 

Baker  Lake 

Baker  R. 

298,000 

221,000 

4,985 

FP 

Chester  Morse 

Cedar  R. 

56,000 

23,000 

1,682 

MP 

Cushman  No.  1 

N.F.  Skokoaish  R. 

453,000 

360,000 

4,200 

PR 

Cushman  No . 2 

N.F.  Skokomish  R. 

8,000 

2,000 

70 

P 

Diablo 

Skagit  R. 

89,000 

61,000 

910 

P 

Gorge 

Skagit  R. 

8,500 

7,000 

241 

P 

Howard  Hanson 

Green  R. 

106,000 

106,000 

2,240 

FMR 

Lake  Aldwell 

Elwha  R. 

30,000 

3,000 

S80 

p 

Lake  Chaplain 

Sultan  R. 

14,000 

13.400 

444 

M 

Lake  Mi  11s 

Elwha  R. 

39.000 

26,000 

435 

P 

Lake  Shannon 

Baker  R. 

159,000 

142,000 

2,218 

P 

Lake  Spada 

Sultan  R. 

20,000 

- 

1,527 

MP 

Lake  Tapps 

White  R. 

46.600 

44,000 

2,566 

P 

Lake  Whatcom 

Whatcom  Cr. 

26,400 

26,400 

5,003 

M 

Mud  Mountain 

White  R. 

106,000 

106,000 

1,200 

F 

Ross 

Skagit  R. 

1,434,000 

1,052,000 

11,678 

FP 

Terrell  Lake 

Terrell  Cr. 

5,600 

- 

700 

R 

Tolt 

S.F.  Tolt  R. 

60,000 

53,000 

850 

M 

Youngs  Lake 

Cedar  R. 

11,000 

- 

700 

M 

1/  M-aunicipal,  F-flood  control,  R-recreation,  I-irrigation,  P-power 

Diversions  With  a few  exceptions,  the  largest  diversions 
in  the  Puget  Sound  Subregion  are  for  municipal  supplies  and- major 
industrial  plants.  In  some  areas,  diversions  for  irrigation  are 
important.  Water  is  diverted  in  many  places  for  hydroelectric 
power  generation  and  to  operate  fish  hatcheries  and  forest-product 
mills  and  plants.  Where  water  is  diverted  from  a stream  for  power 
generation,  it  generally  is  returned  to  the  stream  within  a few 
hundred  feet  of  the  point  of  diversion;  in  some  places,  however, 
the  distance  is  10  or  more  miles.  Return  flows  from  diversions 
for  other  uses,  such  as  municipal  and  industrial,  often  are  dis- 
charged directly  to  tidewater.  A large  number  of  diversions  are 
made  throughout  the  Puget  Sound  Subregion.  Diversions  for  various 
uses  in  the  principal  river  basins  are  shown  in  table  432. 


Table  432  - Major  Diversions  for  Various  Uses,  Puget  Sound  Subregion 


Doaestic 

Industry 

Hydropower 

Irrigation 

River  Basin 

(cfs) 

(ac-ft) 

Elwha 

- 

4 

74 

2,800 

_ 

Dungeness 

25 

2 

- 

- 

75,000 

Skokoaish 

- 

2 

2 

2,800 

- 

Nisqually 

- 

12 

10 

5,650 

8 ,ooo!/ 

Puyallup 

28 

41 

40 

2,400 

5.000 
4 , SOOt/ 

Green 

- 

30 

55 

- 

Cedar 

- 

111 

74 

700 

- 

Snohoaish 

- 

116 

185 

2,520 

12,000 

Stillaguaaish 

30 

- 

- 

- 

3,000 

Skagit 

25 

5 

29 

35,240 

3,000 

Nooksack 

* 

IS 

83 

125 

12,500 

1/  Includes  diversions  in  the  Deschutes  River  Basin. 
’ll  Includes  diversions  in  the  Cedar  River  Basin. 


Channel  Modification  Channel  modification  in  Subregion  11 
generally  has  been  in  the  form  of  either  bank  protection  or  levee 
construction  as  flood  control  measures.  Dredging  also  is  sometimes 
used  to  increase  channel  capacity  for  flood  control.  Extensive 
levee  systems  have  been  built  in  the  lower  reaches  of  the  larger 
rivers,  especially  in  the  Skagit,  Snohomish,  and  Puyallup  River 
valleys;  with  lesser  amounts  of  diking  along  the  Nooksack  and 
Stillaguamish  Rivers.  Riprapping  and  other  forms  of  bank  protection 
are  used  in  all  river  basins  to  prevent  bank  erosion.  Clearing 
debris  from  channels,  especially  on  the  smaller  streams,  to  aid 
fish  migration  is  a continuing  program  in  channel  modification. 


Forecasting  Forecasting  is  used  chiefly  in  flood  warning 
and  to  provide  a maximum  of  stored  water  for  power  generation  and 
municipal  use.  The  existing  flood-warning  system  in  the  Puyallup 
River  Basin  combines  Telemark  instruments  with  radio  transmission 
from  several  locations  to  a central  point  at  Mud  Mountain  Dam. 
Another  flood-warning  system  using  Telemark  instruments  has  been 
installed  at  several  gaging  stations  in  the  Snoqualmie  River  Basin. 
The  Weather  Bureau  also  operates  a general  f lood-wi  ~ning  system  in 
times  of  major  flooding. 

Forecasts  of  quantities  of  water  available  for  storage  are 
made  using  snow-survey  data,  precipitation  data,  data  on  antecedent 
conditions,  and  other  parameters.  The  information  is  processed  by 
digital  computer  and  updated  each  month  as  new  data  are  obtained. 


Constraints  There  are  no  interstate  compacts  of  inter- 
national treaties  that  are  concerned  with  runoff  in  the  Puget 
Sound  Subregion,  but  there  is  a land-use  agreement  between  the  city 
of  Seattle  and  the  Canadian  Government. 

In  1966,  the  City  of  Seattle  Lighting  Department  and  the 
Province  of  British  Columbia  signed  a 99-year  land-use  agreement 
which  permits  flooding  the  Queen's  Territory  to  an  elevation  of 
1,725  feet  by  raising  Ross  Lake  on  the  Skagit  River.  Previous 
annual  agreements  permitted  flooding  to  an  elevation  of  1,600  feet. 

In  1967,  the  water  was  raised  to  an  elevation  of  1,602.5  feet  which 
is  the  maximum  operational  level  for  the  present  reservoir.  Major 
construction  will  be  required  to  raise  the  water  level  above  the 
present  maximum. 

The  State  of  Washington  Fisheries  Code  of  1949  states  that 
it  shall  be  the  policy  of  the  State  to  maintain  minimum  flows  in 
the  streams  to  adequately  support  aquatic  life.  Several  hundred 
minimum  flows  have  been  established  under  this  policy;  the  minimums 
being  appropriate  with  stream  size  to  meet  the  requirement  of 
adequately  supporting  aquatic  life.  Data  on  specific  streams  are 
available  from  the  State  of  Washington  Department  of  Water  Resources. 
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Water  Rights 


A total  of  5,844  surface-water  right  appropriation  records 
in  permit  and  certificate  stages  were  on  file  with  the  Washington 
State  Department  of  Water  Resources  for  Subregion  11  (Water  Resource 
Inventory  Areas  1-18;  figure  776)  as  of  April  30,  1967.  Prime 
rights  in  this  area  allow  summer  period  diversions  totaling 
52,134.51  cfs  of  which  consumptive  diversions  account  for  3,582.40 
cfs,  partially  consumptive  diversions  amount  to  18,331.73  cfs,  and 
nonconsumptive  diversions  account  for  the  remainder  of  30,220.39 
cfs.  An  additional  quantity  of  328.20  cfs  has  been  allocated  under 
appropriation  rights  that  can  be  classified  as  supplemental. 

A total  of  20  adjudicated  surface-water  right  records  in 
this  subregion  permit  additional  prime-right  consumptive  diversions 
totaling  579.56  cfs.  These  rights  are  all  associated  with  the 
Dungeness  River  Decree. 

Recorded  reservoir-storage  rights  (permits  and  certificates) 
under  the  appropriative  system  allow  a total  quantity  of  5,377,240 
acre-rfeet  to  be  retained  in  storage  annually  within  the  Puget  Sound 
Subregion. 

Prime  water-right  quantities  for  major-use  categories  and 
total  actual  surface-water  right  quantities  are  listed  in  table  433 
according  to  Water  Resource  Inventory  areas  as  defined  by  the  State 
of  Wasnington,  Department  of  Water  Resources.  (Regional  Summary) 

More  detailed  information  about  specific  rights  can  be  obtained 
from  the  Department  of  Water  Resources. 

Discharge 

A typical  Subregion  11  stream,  South  Fork  Skykomish  River 
near  Index,  Washington,  shows  a base-period  mean  discharge  equal 
to  99  percent  of  its  long-term  mean  (57  years,  1903-05,  1912-65). 
Weather  records  show  that  precipitation  in  Seattle  during  the  base 
period  was  98  percent  of  the  long-term  mean  (88  years,  1878-1965). 
Thus,  the  selected  base  period  provides  reasonably  average  data 
for  statistical  analysis. 


Measurement  Facilities  Table  434  summarizes  pertinent 
streamflow  data  for  the  17  sites  selected  for  detailed  study  in 
Subregion  11. 


Figure  776  Map  showing  water  resource  inventory 
areas  defined  bv  the  State  of  Washington 
Department  of  Water  Resources. 


Tabic  433  - Surface  Mater  Rights  in  the  Puget  Sound  Subregion,  1967 


Basin 

No.  1/ 

River  Basin 

Municipal 

Irrigation 

Individual 
and  Community 
Domestic 

Industrial 

and 

Commercial 

Fish 

Propagation 

Stock 

Tot  all,/  i 

Reservoir 
Storage  Rights 

Appropr 

01 

lativc  Rights 
Nook sack 

308.12 

119.45 

(Cubic  Feet 
46.27 

per  Second) 
39.81 

19.57 

3.24 

644.17— ^ 

(Acre- Feet) 
5,671 

02 

San  Juan 

4.94 

1.93 

. 

0.74 

1.8$ 

9 . 35 

1.017  . 

03.04 

Skagit 

161.50 

48.53 

56.67 

29.54 

106.63 

0.81 

37,974 . 22— i-/ 

4,414 ,089— 

05 

Sti  Uaguaaish 

10.60 

35.48 

16.41 

11.88 

52. 4S 

0.S9 

114.41 

56 

06 

Mhidbcy 

6.80 

2.71 

0.86 

0.34 

10.58 

147 

07 

Snohomish 

83.78 

57.69 

108.38 

244 . 77 

1. 10 

1.805.18-I7 

195 ,935—^ 

08 

cedar- Sammamish 

25.87-1' 

84.91 

b6.87 

i?o.9a!£/ 

61.86 

0.91 

568.28"/ 
244 . 4 7^"/ 

2,801 

09 

c-reen-Ouwamish 

118.281*/ 

58.85 

11.24 

11.15 

39.00 

1.25 

42 

10,12 

Puyal lup 

725.45 

5S.59 

84.22 

40 . OOii/ 

70.33 

9.28 

961.73IJ/ 

5.922.8511/ 

51, 671 1*/ 

11 

Nisqual Iv 

25.00 

32.13 

14.31 

2 36.32 

13.16 

1.76 

210,060—' 

13 

Deschutes 

10.00 

35.86 

4.53 

12.13 

11.32 

0.37 

78. 38,„ , 

414 

14 

Shelton  Area 

5.00 
32.  7S— -' 

38.57 

19.79 

58.32 

11.30 

0.6S 

125.61-1*^ 

2.3174°' 

15 

kitsap  Area 

42.19 

33.55 

2.66 

65.61 

1.21 

2,709.37—' 

16 

L.  Olympic  Mts. 

0.50 

12.35 

41.42 

0.70 

73.47 

0.15 

417,300 15/ 

17 

N.t.  Olympic  Pen. 

30.00 

12.90 

17.70 

30.08 

43.59 

0.97 

95.55,,  , 

2,813 

18 

Port  Angeles  Area 

31.40 

52.46 

14.70 

190.02 

32.94 

1.53 

915.  S9^ 

65.14011/ 

Appropnat  i\c  lotals 

2.179.60 

724.79 

490.01 

941.97 

847.60 

26.01 

S2.3S9.51 

5,377,240 

18 

Port  Angeles  Area 

579.56 

579.1 6^ 

. 

579.16 

S79.56 

Adjudicated  Totals 

579.56 

579. 16 

579.16 

579.56 

. 

Coni' inci! 
( Approp. 

1 lotals 
( >d  iud  . ) 

2,179.60 

1,304.35 

1,069.17 

941.97 

847.60 

605.17 

S2. 939. 07^9/ 

5,377,240 

1/  Matet 

■ Resource  Inventory 

Area  number  as  shown 

in  figure  776. 

7/  Total  prime  right  quantities  do  not  agree  with  the  sum  of  the  uses  because  (1)  only  the  More  important  use  categories  are  listed  and  (2)  water  right 
quantities  that  are  common  to  two  or  More  uses  are  listed  under  each  applicable  category. 

3/  Includes  21.23  cfs  under  recorded  rights  for  hydroelectric  power  generation  plus  an  additional  12S  cfs  under  a claiM  to  a vested  right. 

4/  includes  3 ,60'.  2o  cfs  under  recorded  rights  for  hydroelectric  power  generation. 

.> ' Approximately  go  percent  of  the  developed  water-storage  capacity  in  the  Puget  Sound  Subregion  is  in  the  Skagit  River  Basin.  This  figure  includes 

3,800,000  acre- feet  for  Ross  l ake  (1.40S.300  acre-feet  developed") , 90,000  acre-feet  in  Diablo  Reservoir,  8,350  acre-feet  in  Gorge  Reservoir 

-98.000  acre-feet  in  Baker  Lake.  190,000  acre-feet  in  lake  Shannon,  and  3.050  acre-feet  in  Judy  Reservoir. 

6/  Includes  rights  of  100  cfs.  mainly  from  the  Sultan  River,  for  the  city  of  l.verett.  and  280  cfs.  from  the  Tolt  River,  for  the  city  of  Seattle. 

_/  Includes  651. '9  cfs  under  recorded  rights  for  hydroelectric  power  generation. 

8/  Includes  13.200  acre-feet  in  lake  Chaplain,  113,700  acrc-fcet  (20,000  acre-feet  developed)  for  Spada  Lake,  57,830  acre-feet  in  the  S.  Fork  Tolt  River 
Reservoir,  and  1,100  acre-feet  in  the  Tolt  River  regulating  reservoir. 

9'  The  city  of  Seattle  has  a claim  to  vested  rights  for  an  additional  317  cfs. 

10/  Includes  156  cfs  for  heat -exchange  use. 

— Includes  208.88  cfs  under  recorded  rights  for  hydroelectric  power  generation.  Docs  not  include  500  cfs  for  a claimed  vested  right  by  the  city  of 
>eatt lc . 


12/  Included  is  a 1908  priority  right  for  100  cfs  held  by  the  city  of  Tacoma . 

IT/  Includes  8.9.3  cfs  under  recorded  rights  for  hydroelectric  power  generation. 

14/  Includes  11.50  cfs  for  mining. 

IT/  Includes  20.13  cfs  for  recreation  and  beautification,  and  14.49  cfs  for  hydroelectric  power  generation. 

16/  Includes  SO, 400  acre-feet  in  lake  Tapps. 

T7/  Includes  S, 633. 70  cfs  under  recorded  rights  for  hydroelectric  power  generation. 

1“/  Includes  200,000  acre- feet  for  Alder  lake  and  10,000  acre- feet  for  I ai.rande  Reservoir. 

19/  Includes  23.23  cfs  under  recorded  rights  for  hydroelectric  power  generation. 

20/  Recreational  reservoirs  account  for  most  of  the  water  under  storage  rights. 

7T/  Includes  rights  of  the  city  of  Bremerton  to  divert  30  cfs  from  the  Union  River  drainage  system.  Bremerton  also  has 
a right  to  divert  10  cfs  from  the  Mest  fork  Union  River,  but  only  during  the  winter  months. 

22/  Includes  32.53  cfs  under  recorded  rights  for  hydroelectric  power  generation. 

T3/  Includes  1,200  acr£-feot  in  Twin  lakes  and  4,000  acre-feet  in  the  Union  River  Reservoir. 

24/  Includes  2,623.47  cfs  for  hydroelectric  power  generation  - mostly  associated  with  the  city  of  Tacoma  developments  on  North  Fork  Skokomish  River. 
♦5/  All  rights  are  associated  with  hydroelectric  power  development*  of  the  city  of  Tacoma. 

26/  Includes  602.20  Js  for  hydroelectric  power  generation. 

-•/  Nearly  all  of  this  quantity  is  associated  with  hydroelectric  power  plants  on  the  l.lwah  River. 

-8/  Quantity  IS  common  with  irrigation  use. 

29/  Includes  225  cfs  under  claims  to  vested  rights. 
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Figure  432  shows  the  locations  of  the  selected  sites,  with 
Geological  Survey  identification  numbers.  The  first  two  digits 
of  the  identification  nunfter,  part  number  (12),  have  been  omitted 
because  Subregion  11  lies  wholly  within  the  area  designated  as 
Part  12,  the  Washington  coast  and  the  Columbia  River  Basin  above 
Snake  River. 


Table  434  - Streamf low  Summary  for  Selected  Sites,  Subregion  11 


Stream 

Station 

Station 

Number 

Gage 

Datum 

Drainage 

Area 

Period  of 
Record 

Annual  Flows 
Mean  Max. 

\J 

Min 

Momentary 
Max . 

Flow  V 
Min. 

tlwha  River 

Port  Angeles 

4SS 

200 

38-65—^ 

1.456 

2,051 

c/s 

859 

41,600 

IQ 

Dungeness  River 

Sequin 

480 

569.3 

156 

371 

545 

199 

8,400 

77 

buckabush  River 

Bnnnon 

S40 

241.49 

66.  S 

392 

S37 

217 

8,960 

45 

N.F.  Skokomish  River 

Mood sport 

S65 

762.26 

S7.2 

24-65 

487 

688 

256 

27.000 

16 

Nisqually  River 

La  Grande 

866 

490 

292 

1 ,386 

2.092 

803 

20,700 

0 

*R»ite  River 

Greenwater 

970 

1.725 

216 

29-65 

837 

1.222 

558 

18,100 

120 

Puyallup  River 

Puyal lup 

101S 

0 

948 

14-65 

3.292 

4,927 

2,087 

57,000 

400 

Green  River 

Auburn 

1130 

0 

399 

36-6S 
1 1 -bS—' 

1.306 

1,175 

66  2 

28,100 

81 

S.F.  Skokomnh  R 

Index 

1330 

S74.80 

35S 

2.38S 

3,383 

1 ,352 

55,000 

165 

Snoqualmie  River 

Carnation 

1490 

0 

603 

28-65 

3,714 

S.I90 

2,314 

S9 , 500 

239 

S.F.  Stillaguamish  R. 

Granite  Falls 

1610 

310 

119 

28-65 

1 ,04S 

1 .466 

702 

32,400 

55 

N.F.  Stillaguamish  R. 

Arlington 

1670 

89.34 

262 

28-65 

1,770 

2,4  39 

1,120 

30,600 

117 

Skagit  River 

Hope 

1706 

1,670 

357 

35-55 

977 

1,600 

488 

- 

Skagit  River 

Newhalem 

1780 

401  S 

1175 

-8-65 

4,351 

6,276 

2.717 

115,000 

54 

Sauk  River 

Sauk 

189S 

266 

714 

28-65 

4.241 

5,923 

2,887 

82,400 

572 

Skagit  River 

Concrete 

1940 

130.0 

2737 

24-65 

14.224 

20.003 

9,507 

500,000  2 

,160 

Nooksack  River 

beming 

21  OS 

203.6 

S84 

3S-S7i/ 

3,217 

4,342 

2,220 

49.300 

502 

1/  Regulated  values  for  base  period  (1929-S8)  with  estimated  1970  conditions  of  development. 
7/  Mai i mum  and  minimum  observed  instantaneous  values  for  period  of  record. 

1/  Denotes  other  short  periods  of  record  prior  to  dates  shown. 


Average  Discharge  for  Subregion  11  Figure  777  presents 
monthly  discharge  data  for  the  subregion  as  a whole.  The  discharge 
is  the  sum  of  flows  generated  within  the  subregion  and  the  inflow 
to  the  subregion  from  Canada.  The  Canadian  contribution  is  not 
large,  but  its  high  flow  occurs  during  the  spring  when  other  flows 
are  low  and  the  inflow  may  be  as  much  as  6 percent  of  the  total 
monthly  flow  at  that  time.  The  within-area  generated  flows  and 
the  Canadian  inflow  are  shown  in  table  435  Isopleths  showing 
mean  annual  runoff  for  the  period  1931-60  are  shown  on  figure  778. 


Average  Discharge  for  Selected  Stations  In  this  section 
of  the  report  detailed  data  for  each  of  the  selected  sites  listed 
in  table  434  are  presented. 

The  monthly  discharges  upon  which  these  hydrographs  are 
based  ^re  generally  available  in  Geological  Survey  Water-Supply 
Papers  1316  and  1736  compilations  of  surface-water  records  in 
Part  12.  The  three  principal  exceptions  are  Nisqually  River  at 
La  Grande,  Skagit  River  at  Newhalem,  and  Skagit  River  near  Concrete 
where  assumed  reservoir  regulation  has  provided  adjusted  flows 
through  a computer  program.  Monthly  discharges  for  these  sites  are 
listed  in  tables  436,  437,  and  438.  Records  for  Skagit  River  at 
Hope,  B.  C.,  have  been  extended  for  the  base  period  by  correlation 
with  downstream  gaging  stations  and  these  discharges  are  shown  in 
table  439.  Observed  discharges  for  the  remaining  13  selected  sites 
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MEAN  DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 


Figure  777  Monthly  discharge,  Puget  Sound  Subregion,  1929-56. 
(Inflow  from  Canoda  Is  included.) 
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Table  435.  Discharge  in  Puget  Sound  Subregion,  1929-58 
(Mean  discharge,  in  cfs) 


Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

M*y 

June 

July 

Aug. 

Sept. 

Mean 

Maximum 

Total 

62720 

11S280 

1S0468 

117696 

112285 

89156 

78925 

93063 

104391 

78115 

38177 

34373 

89188 

Canada 

1000 

1360 

1650 

1090 

1530 

1250 

3300 

4180 

6560 

3970 

1480 

892 

2355 

Subregion 

61720 

113920 

148818 

116606 

110755 

87906 

75625 

88883 

97831 

74145 

36697 

33481 

86833 

20  Percent 

Total 

43127 

83S1S 

92363 

84447 

83525 

58638 

63772 

71143 

78609 

49664 

25213 

23702 

63143 

Canada 

S76 

960 

930 

553 

706 

586 

1520 

3240 

4010 

2030 

678 

351 

134S 

Subregion 

42SS1 

82SS5 

91433 

83894 

82819 

58052 

62252 

67903 

74599 

47634 

24535 

23351 

61798 

Mean 

Total 

36238 

62710 

77243 

73302 

72543 

54511 

55299 

60526 

61914 

39809 

21868 

20479 

S3090 

Canada 

406 

S62 

566 

423 

464 

454 

1154 

2780 

2806 

1316 

493 

304 

977 

Subregion 

3S832 

62148 

76677 

72879 

72079 

S4057 

54145 

57746 

59108 

38493 

21375 

20175 

52113 

80  Percent 

Total 

24181 

41613 

57893 

57349 

61303 

44900 

47212 

52524 

47287 

29538 

17195 

16739 

41478 

Canada 

207 

214 

297 

236 

211 

244 

682 

2130 

1940 

706 

305 

201 

614 

Subregion 

23974 

■41399 

57596 

57133 

61092 

44656 

46530 

50394 

45347 

28832 

16890 

16538 

40864 

Minimum 

Total 

18616 

28782 

46077 

45437 

41721 

37933 

38418 

36035 

27650 

18339 

14332 

13532 

30558 

Canada 

136 

11S 

122 

125 

94 

180 

385 

1C80 

853 

388 

202 

16S 

320 

Subregion 

18480 

28667 

45955 

45312 

41627 

37753 

38033 

34955 

26797 

17951 

14130 

13367 

30238 

Note:  1.  Subregion  discharge  is  that  which  originates  in  the  subregion. 

2.  Twenty  percent  and  80  percent  represent  the  discharge  available  20  and  80  percent  of  the  time. 


are  shown  in  tables  440  to  452.  Hydrographs  for  several  conditions 
of  flow  at  the  selected  sites  are  shown  on  figures  779  to  795. 
Explanations  of  these  and  the  following  graphs  are  in  the  Regional 
Summary 


Frequency  curves  of  annual  high  and  low  discharges  are 
shown  on  figures  796  to  812.  For  most  streams  in  Subregion  11, 
the  volume  frequency  curves  have  similar  shapes  indicating  that 
the  mean  flows  for  the  selected  periods  of  time  (months)  usually 
differ  throughout  the  years  by  fairly  consistent  amounts.  In 
heavily  regulated  streams,  such  as  the  Nisqually  River  at  La  Grande, 
however,  the  curves  diverge  greatly  from  the  usual  shape  and  reflect 
only  the  regulation  pattern  of  that  particular  stream. 

Duration  curves  for  three  flow  conditions,  daily,  monthly, 
and  annual,  are  presented. in  figures  813  to  829. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
830  to  846.  Curves  for  both  regulated  and  unregulated  conditions 
are  presented  where  data  permit. 

Dependable  yield  of  the  river  basins  is  given  in  tables  453 
to  469.  The  tables  show  the  lowest  mean  flows  for  from  one  to  ten 
consecutive  years  in  the  30-year  base  period  and  their  relationship 
to  the  30-year  mean.  The  minimum-year  discharge  is  less  than  70 
percent  of  the  mean,  averages  60  percent  of  the  mean,  and  ranges 
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as  low  as  50  percent  of  the  mean.  These  tables  show  that  the  use 
of  the  mean  annual  discharge  to  determine  the  total  amount  of 
water  available  in  a stream  is  not  realistic,  even  with  carryover 
storage.  The  use  of  the  minimum  year  or  some  point  on  the  dura- 
tion curve,  such  as  the  90  percent  point,  presents  a more  practical 
approach  to  estimating  the  total  amount  of  water  that  could  be  made 
available. 


Variations  in  Discharge  Long-term  variations  in  discharge 
for  South  Fork  Skykomish  River  near  Index,  and  precipitation  for 
Seattle,  are  presented  in  figure  847.  The  means  for  the  base 
period  and  for  the  entire  period  of  record  are  shown.  The  mean 
precipitation  of  33.02  inches  at  Seattle  for  the  30-year  base 
period  is  98  percent  of  the  long-term  (88-year)  mean.  This  indi- 
cates that  the  selected  base  period  should  be  fairly  representative 
of  the  88-year  period.  Also,  the  precipitation  graph  shows  that 
the  highest  and  lowest  years  of  record  occurred  during  the  base 
period  which  again  gives  more  meaning  to  the  base-period  record. 
Although  the  annual  precipitation  for  a given  year  may  vary  from 
the  mean  by  as  much  as  43  percent,  the  general  trend  depicted  by 
the  5-year  moving  averages  does  not  vary  from  the  mean  by  much 
more  than  20  percent.  This  indicates  that  a large  change  in  water 
availability  in  the  foreseeable  future  is  unlikely.  The  base- 
period  discharge  is  99  percent  of  the  long-term  mean  indicating 
that  the  data  used  in  the  analyses  represent  average  conditions. 

The  ratios  of  base-period  discharge  to  long-term  mean  for  other 
streams  are  similar.  The  5-year  moving  averages  are  shown  to 
provide  easy  comparison  of  the  general  trend.  The  data  presented 
indicate  no  long-term  trend,  either  declining  or  increasing,  or 
long-term  rhythmic  cycle  of  precipitation  or  discharge. 

The  variation  in  annual  flows  at  selected  sites  is  depicted 
by  the  duration  curves  of  annual  flows  in  figures  813  to  829. 

These  curves  show  that  the  range  in  annual  flows  during  the  30- 
year  base  period  is  relatively  small,  the  maximum  year  generally 
being  about  2.5  times  the  minimum  year. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the 
hydrographs  of  figures  779  to  795.  Two  peaks  generally  occur,  one 
during  the  winter  and  the  other  in  the  spring,  the  larger  depend- 
ing on  the  accumulation  of  winter  snow  at  higher  elevations  and 
precipitation  patterns;  glaciers,  temperature,  and  geology  also 
have  an  effect.  December  usually  has  the  greatest  rainfall  runoff 
and  June  the  largest  snowmelt  runoff.  The  low  runoff  months  are 
August,  September,  and  October.  Streams  that  receive  large  amounts 
of  flow  from  surface  or  underground  reservoirs  have  the  smallest 
variations  in  monthly  flows. 
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Streamflow  Travel  Time  Only  limited  time-of-travel  studies 
have  been  made  in  Subregion  11.  Figures  848  and  849  show  time  of 
travel  of  maximum  concentrations  of  Rhodamine  B dye  for  designated 
discharges  in  the  lower  reaches  of  four  streams.  The  shortest  time 
of  travel,  19  minutes  per  mile,  was  determined  in  Green  River  near 
Palmer;  Green  River  averaged  23  minutes  per  mile  between  Palmer  and 
Tukwila.  The  longest  time  of  travel,  89  minutes  per  mile  was  meas- 
ured in  Stillaguamish  River  near  Florence;  Stillaguamish  River 
averaged  79  minutes  per  mile  between  Arlington  and  Florence. 


River  Profiles  River  profiles  for  selected  streams  are 
shown  in  figures  850  to  852.  The  profiles  were  constructed  from 
Geological  Survey  plan  and  profile  sheets.  Very  few  river  profiles 
have  ever  been  developed  for  streams  in  this  subregion. 

(Narrative  continued  on  page  927) 
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Modified  Mean  Discharge,  In  CFS , N1 squally  River  at  La  Grande,  Wash 


i 


I 

i 


Water 


Year 

1928 

Oct. 

Nov. 

Dec, 

J«n. 

Feb. 

Mar, 

May 

June 

July 

860 

Aug. 

550 

Sept. 

1220 

Annual 

1929 

785 

920 

1163 

1937 

1069 

1290 

756 

754 

787 

870 

578 

696 

967 

1930 

751 

753 

751 

2005 

1100 

1601 

750 

751 

507 

509 

540 

836 

904 

1931 

753 

770 

1944 

1929 

1829 

940 

1130 

752 

500 

793 

2005 

500 

1154 

1932 

1937 

1843 

1730 

1811 

1930 

2096 

1678 

274 

1670 

1101 

639 

1230 

1495 

1933 

625 

2803 

2591 

2561 

2356 

0 

1180 

1900 

2700 

1460 

870 

1580 

1719 

1934 

1572 

1385 

7267 

4030 

1180 

1860 

1310 

1060 

660 

620 

560 

1180 

1890 

1935 

1615 

2571 

2580 

2547 

2474 

1465 

598 

516 

1260 

840 

550 

1250 

1522 

1936 

365 

760 

937 

2421 

2342 

2062 

987 

701 

2000 

900 

590 

1240 

1275 

1937 

405 

616 

1475 

1567 

1533 

1409 

1747 

1047 

2113 

747 

628 

1221 

1209 

1938 

692 

2543 

2602 

2605 

2401 

0 

1600 

1570 

1080 

750 

490 

1170 

1459 

1939 

445 

1152 

1765 

2380 

2297 

1774 

392 

34 

1110 

850 

570 

1200 

1164 

1940 

485 

833 

2434 

2351 

2270 

2235 

307 

577 

764 

251 

438 

1180 

1177 

1941 

535 

1207 

1272 

2317 

1717 

177 

16 

208 

96 

258 

1098 

732 

803 

1942 

1116 

1786 

2412 

2317 

1849 

389 

0 

0 

1034 

980 

600 

1170 

1138 

1943 

365 

2469 

2429 

1921 

2277 

0 

2114 

1290 

1350 

970 

520 

1220 

1410 

1944 

515 

842 

1563 

2312 

1893 

507 

406 

0 

309 

288 

1485 

598 

893 

1945 

1168 

1054 

1334 

2007 

2150 

1379 

1200 

0 

799 

407 

582 

1164 

974 

1946 

1242 

2055 

2331 

2333 

2268 

0 

1201 

2150 

1820 

1220 

630 

1170 

1535 

1947 

855 

2160 

2595 

2581 

2431 

122 

1460 

1120 

930 

690 

450 

1210 

1384 

1948 

1274 

2531 

2109 

2452 

2403 

99 

1530 

2490 

1900 

1040 

700 

1330 

1655 

1949 

755 

1860 

1843 

1703 

2183 

151 

1381 

2900 

1590 

1110 

720 

1340 

1461 

1950 

825 

2221 

2023 

2378 

2386 

1774 

1950 

2030 

2400 

1420 

850 

1330 

1799 

1951 

1236 

2548 

2762 

2578 

3271 

1210 

1780 

1650 

1100 

740 

510 

1220 

1635 

1952 

1119 

1884 

1759 

1580 

2314 

0 

1142 

1700 

1060 

900 

580 

1230 

1272 

1953 

405 

565 

724 

3462 

2586 

672 

1506 

1334 

1390 

1170 

700 

1330 

1320 

1954 

755 

1650 

2571 

2596 

2872 

1420 

2010 

1940 

I860 

1390 

850 

1091 

1750 

1955 

1064 

1858 

1792 

1871 

2*52 

125 

2024 

416 

2650 

1630 

930 

1470 

1507 

1956 

2125 

3133 

3990 

2563 

1610 

1052 

2500 

2760 

2040 

1340 

760 

1230 

2092 

1957 

1045 

1530 

2470 

1841 

2274 

497 

1850 

1730 

1190 

760 

560 

1330 

1424 

1152 

2245 

2411 

2438 

206 

1970 

1490 

860 

mTvM 

■TTTh 

fzrrm 

■J!fl 

1648 

2182 

2312 

2132 

884 

1283 

1171 

■WMB 

895 

718 

1156 

-V-:  ' ' 1 

Table 

437 

Modified 

Mean  Discharge,  In  CFS,  Skagit  River 

at  Nevhalem, 

Wash 

Water 

Year 

1928 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

June 

July 

5340 

Aug. 

2590 

Sept. 

2102 

Annual 

1929 

4217 

4657 

3919 

4581 

4423 

1155 

1002 

2815 

1817 

4147 

2665 

1787 

3098 

1930 

2453 

3679 

3458 

4486 

7043 

2432 

5618 

1440 

2405 

3017 

2793 

2392 

3434 

1931 

2883 

4373 

3573 

6155 

6284 

2804 

1996 

4581 

2252 

2112 

2262 

2746 

3501 

1932 

2589 

5617 

4295 

5510 

10698 

4501 

1925 

1569 

6910 

5561 

3313 

2054 

4545 

1933 

3478 

9561 

6392 

2063 

5786 

1000 

1034 

1135 

13473 

11446 

5340 

3430 

5344 

1934 

7169 

7217 

4932 

5052 

3812 

5997 

10344 

11520 

8366 

5220 

3365 

2318 

6276 

1935 

3311 

9005 

5906 

6479 

9342 

1000 

1000 

1412 

8814 

6828 

3344 

3158 

4966 

1936 

2807 

4013 

3820 

4453 

5006 

1505 

5103 

2306 

6221 

4025 

2684 

2105 

3670 

1937 

2500 

3727 

4176 

4530 

4398 

1682 

1197 

1505 

10445 

4424 

2662 

2210 

3621 

1938 

3793 

6777 

6020 

5808 

5686 

1000 

1264 

1604 

11761 

5772 

2395 

2348 

4519 

1939 

2825 

4408 

4808 

6747 

5289 

2068 

1214 

1664 

5900 

6150 

3043 

1976 

3841 

1940 

3231 

5380 

7641 

5330 

6515 

1000 

1000 

1594 

5590 

1268 

1996 

2166 

3559 

1941 

5202 

4782 

5113 

5691 

5611 

2053 

2512 

1049 

1289 

1443 

1114 

1038 

3074 

1942 

4761 

6602 

7189 

5294 

5002 

1091 

1000 

1230 

1604 

3941 

2617 

1730 

3505 

1943 

2290 

4679 

5106 

3540 

3808 

1000 

1377 

4019 

11730 

10106 

3765 

2351 

4480 

1944 

2843 

4209 

4413 

5108 

4821 

1263 

1556 

1218 

1516 

1252 

1623 

2786 

2717 

1945 

3180 

4801 

4725 

6426 

7335 

2574 

2594 

1741 

2350 

2916 

2421 

2302 

3613 

1946 

4274 

6079 

4532 

5633 

5239 

1000 

1156 

4666 

11010 

7269 

3430 

2220 

4709 

1947 

2915 

4294 

3358 

2790 

4834 

1000 

1414 

10651 

8827 

5068 

2556 

2104 

4150 

1948 

4462 

4408 

4868 

2501 

3633 

1000 

1133 

6797 

17400 

5586 

4001 

3015 

4900 

1949 

4151 

4998 

4186 

4890 

5107 

1000 

1376 

6140 

10380 

6191 

3402 

3037 

4571 

1950 

3703 

10180 

7102 

2244 

4063 

1000 

1000 

3569 

19380 

11146 

4768 

2699 

5904 

i»i 

4883 

7304 

7249 

3338 

3867 

1985 

3807 

11500 

11370 

7064 

3228 

2630 

5683 

1952 

3248 

4852 

3670 

2436 

4362 

1000 

1287 

3767 

8103 

5502 

3032 

2058 

3609 

1953 

2395 

3903 

3532 

6354 

6076 

1000 

1175 

1947 

9213 

8317 

3921 

2910 

4228 

1954 

4823 

6949 

6263 

2141 

5421 

1000 

1000 

6651 

13100 

13756 

6419 

3956 

5939 

1955 

4077 

9012 

6295 

3510 

6018 

1000 

2819 

1458 

7344 

9787 

4194 

2698 

4851 

1956 

6380 

8717 

2829 

1471 

3115 

1000 

1394 

13347 

14080 

9598 

4093 

3378 

5783 

1*57 

5939 

6388 

6951 

3326 

5414 

1000 

1099 

6527 

9332 

4334 

2645 

2378 

4611 

1938 

2843 

4332 

4331 

3137 

4855 

1000 

1000 

5691 

8554 

5340 

2590 

2102 

3832 

mi 

WESM 

JP.U- 

. »»;„ 

sans 

■ran 

2047 

8351 

3189 

2470 

=38 

1 
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Tabic  438  - Modified  Mean  Discharge,  In  CFS,  Skagit  River  Near  Concrete,  Wash. 
(Includes  Inflow  froai  Canada) 


Water 

Year. 

Oct. 

Nov.. 

2££i 

Jan. 

£ski 

Hilt 

June 

July 

Auk. 

Sept. 

Annual 

1928 

1929 

13076 

11600 

9106 

9957 

9339 

6574 

7291 

16415 

16037 

15550 

12399 

7452 

7701 

6259 

5096 

10382 

1930 

6242 

7816 

9213 

9921 

20369 

9483 

16938 

11190 

12665 

10719 

7460 

6457 

10706 

1931 

9047 

10936 

8725 

18021 

15770 

11861 

11707 

18941 

16092 

9584 

6542 

8752 

12164 

1932 

8840 

16268 

12363 

14649 

25302 

16465 

13635 

14679 

26408 

18991 

10187 

6539 

15360 

1933 

11540 

29830 

18032 

11517 

13401 

6557 

8294 

16706 

36723 

31926 

16160 

12406 

17757 

1934 

21500 

20375 

26037 

21960 

14247 

19043 

26282 

20371 

23044 

15684 

9610 

7661 

18817 

1935 

11663 

25335 

16301 

23647 

22058 

7182 

7409 

1 J143 

26538 

19201 

9170 

9036 

15890 

1936 

7861 

10003 

9609 

13469 

11540 

8484 

17220 

18793 

27027 

13730 

7640 

6347 

12658 

1937 

6691 

8272 

12790 

9978 

10342 

8593 

9811 

14385 

32927 

15336 

7884 

6257 

11938 

1938 

11285 

21203 

17624 

16433 

13231 

5736 

10107 

16939 

29499 

15877 

6757 

6435 

14260 

1939 

8834 

12709 

15078 

20113 

13239 

8979 

10858 

15737 

22502 

20068 

9260 

6343 

13643 

1940 

10202 

15093 

22150 

14942 

16933 

9730 

8924 

14526 

17034 

6669 

6301 

6109 

12384 

1941 

14218 

12367 

13850 

13943 

13201 

7836 

9408 

10385 

8568 

6668 

5277 

8174 

10324 

1942 

15643 

16797 

19075 

12014 

12052 

6036 

7157 

11126 

16103 

14237 

7391 

4985 

11884 

1943 

6564 

14950 

15031 

11694 

12661 

6622 

13034 

18023 

29345 

25948 

10197 

6708 

14239 

1944 

7768 

10172 

11739 

13042 

11871 

6601 

8211 

11931 

11645 

6723 

5669 

8714 

9507 

1945 

9734 

13863 

11833 

18205 

18908 

9182 

9422 

14438 

17442 

11551 

7197 

7527 

12446 

1946 

11658 

17470 

12819 

15614 

14243 

6674 

8709 

25147 

30161 

21403 

10019 

6538 

15037 

1947 

10067 

12247 

14429 

11601 

16084 

6941 

11890 

29064 

25301 

15884 

7818 

6775 

14008 

1948 

15849 

14351 

15826 

10960 

11492 

5620 

8584 

26524 

43703 

17825 

12024 

9825 

16048 

1949 

12114 

14533 

10859 

11172 

13313 

7330 

9743 

29317 

28764 

19748 

10547 

9292 

14727 

1950 

12849 

28378 

19601 

11338 

14899 

9547 

11201 

21039 

45353 

41881 

15235 

8721 

20003 

1951 

16226 

21056 

23647 

13375 

21001 

8559 

14816 

29654 

28946 

18026 

8575 

7609 

17624 

1952 

12573 

13058 

10323 

7902 

13478 

4565 

8922 

20387 

23453 

17054 

8688 

6062 

12205 

1953 

6527 

9141 

9041 

23419 

18983 

5430 

7565 

16232 

23975 

23497 

11450 

8660 

13660 

1954 

14092 

19594 

19823 

11725 

18765 

6720 

8355 

24879 

32904 

34216 

17985 

12240 

18433 

1955 

12326 

25312 

15763 

10952 

15209 

4618 

12485 

12543 

29081 

28011 

13102 

7981 

15615 

1956 

19121 

25433 

13397 

9755 

9241 

5679 

12765 

34789 

36272 

24872 

11378 

10108 

17734 

1957 

17682 

16578 

20529 

9831 

15162 

7029 

8765 

27317 

24347 

15056 

8088 

6994 

14781 

12021 

DU 

6876 

24016 

7450 

Sr  a 

12503 

Mean 

11662 

16206 

14888 

13823 

15056 

7965 

10879 

19288 

25531 

18278 

9425 

7687 

14224 

f 


t 


i 


Table  439  Observed  Mean  Discharge,  in  CFS,  Skagit  River  Near  Hope,  B.C. 
[Discharges  estimated  from  July  1928  to  September  1934  and  October  1955  to  September  1958] 
Water 


Year 

Oct. 

Nov. 

Dec. 

Jan.  Feb. 

Mar. 

_May 

June 

July 

Auk. 

Sept. 

Annual 

1928 

930 

318 

211 

1929 

521 

295 

218 

152  102 

216 

434 

2310 

2280 

646 

305 

179 

638 

1930 

168 

129 

297 

126  706 

531 

2050 

1890 

1950 

828 

364 

222 

768 

1931 

210 

254 

181 

373  590 

586 

853 

2780 

1720 

541 

236 

278 

717 

1932 

202 

447 

334 

336  1040 

930 

1370 

2810 

3060 

967 

483 

214 

1016 

1933 

311 

1100 

782 

396  269 

322 

1080 

2290 

4270 

2680 

1050 

351 

1242 

1934 

894 

954 

1050 

1070  941 

1250 

3300 

3240 

1940 

816 

466 

235 

1346 

1935 

282 

1010 

618 

1090  1530 

519 

560 

2130 

2710 

1330 

495 

308 

1048 

1936 

217 

184 

213 

184  120 

232 

1720 

3310 

1910 

538 

263 

192 

757 

1937 

145 

115 

277 

125  94 

287 

682 

2440 

4120 

1230 

395 

240 

847 

1938 

329 

651 

667 

542  282 

520 

1140 

3210 

2870 

903 

311 

199 

971 

1939 

181 

196 

387 

553  211 

457 

1520 

2820 

2140 

1190 

405 

201 

859 

1940 

243 

419 

1020 

465  417 

614 

1060 

1860 

1070 

431 

224 

165 

667 

1941 

362 

243 

365 

310  343 

431 

944 

1080 

853 

388 

202 

334 

488 

1942 

1000 

848 

1040 

361  245 

225 

893 

1670 

1740 

781 

337 

172 

779 

1943 

136 

237 

528 

471  413 

490 

2010 

2160 

3160 

2090 

570 

264 

1040 

1944 

207 

193 

285 

175  152 

180 

576 

1510 

1530 

549 

285 

260 

492 

1945 

253 

281 

385 

470  474 

284 

385 

2320 

2120 

818 

305 

238 

695 

1946 

469 

672 

380 

329  256 

430 

986 

3890 

2850 

1280 

465 

245 

1030 

1947 

241 

214 

471 

312  586 

823 

1500 

3280 

2180 

882 

362 

237 

925 

1948 

533 

583 

552 

463  276 

244 

870 

3380 

5090 

1110 

651 

439 

1180 

1949 

528 

373 

302 

236  191 

386 

1440 

3880 

2750 

1270 

706 

522 

1050 

1950 

432 

1200 

1070 

430  429 

592 

777 

2680 

6560 

3500 

678 

317 

1560 

1951 

602 

1180 

1650 

788  1010 

477 

1520 

3270 

3070 

1450 

477 

277 

1320 

1952 

377 

404 

343 

221  268 

219 

1390 

2970 

2160 

1060 

360 

201 

832 

1953 

147 

139 

122 

561  824 

396 

910 

2930 

3080 

2030 

700 

416 

1020 

1954 

679 

960 

785 

549  766 

593 

885 

3570 

4010 

3970 

1480 

892 

1600 

1955 

37* 

1360 

930 

496  351 

289 

665 

1710 

4430 

2530 

847 

420 

1220 

1956 

903 

1310 

489 

309  190 

229 

1550 

4180 

4160 

2260 

679 

502 

1397 

1957 

811 

640 

933 

327  321 

465 

915 

4180 

2330 

706 

326 

265 

1018 

1958 

210 

272 

304 

4*7  509 

41* 

642 

3*40 

20*0 

720 

369 

335 

829 

asis_ 

‘tSi i- 

M- 

Hi 

423  464 

_4J4_ 

U54 

2S06 

1316 

493 

304 

977 

893 
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Table  440  --Observed  Mean  Discharge,  In  CFS,  Elvha  River  at  McDonald  Bridge  Near  Port  Angeles,  Wash. 


Water 


Year 

1928 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Aeii 

May 

June 

July 

1050 

Aug. 

620 

Sent. 

434 

Annual 

1929 

830 

1080 

1000 

813 

476 

511 

900 

1790 

2140 

1390 

753 

424 

1010 

1930 

485 

328 

642 

609 

2200 

1190 

2040 

1240 

1490 

996 

550 

423 

1010 

1931 

638 

717 

780 

1920 

1560 

1550 

1460 

1930 

1950 

1160 

508 

532 

1220 

1932 

608 

1580 

1470 

1350 

as 

1980 

1760 

2040 

2840 

1710 

828 

495 

1540 

1933 

706 

2470 

1930 

1700 

1100 

1050 

1720 

3000 

2820 

1530 

1050 

1660 

1934 

1424 

1738 

4713 

3445 

1923 

2234 

2065 

1898 

1362 

917 

635 

503 

1910 

1935 

1005 

3105 

1487 

3513 

2792 

1671 

1028 

1610 

2249 

1575 

863 

829 

1803 

1936 

604 

565 

921 

1592 

635 

1270 

1435 

2682 

2469 

1279 

687 

617 

1232 

1937 

400 

219 

1141 

638 

538 

1044 

1306 

2077 

3155 

1757 

773 

536 

1135 

1938 

802 

2481 

2902 

1800 

871 

1245 

1546 

2219 

2533 

1393 

729 

435 

1584 

1939 

625 

945 

1639 

2391 

1102 

944 

1396 

1880 

1460 

1262 

695 

473 

1237 

1940 

510 

1029 

3619 

2262 

2029 

2094 

1371 

1968 

1285 

675 

539 

361 

1481 

1941 

1327 

1097 

2009 

1769 

1652 

1057 

980 

1521 

1285 

777 

483 

581 

1210 

1942 

1060 

1380 

2832 

974 

981 

656 

832 

1091 

1578 

1059 

525 

376 

1114 

1943 

321 

1076 

1433 

1067 

1275 

990 

2210 

1530 

1827 

1532 

696 

490 

1201 

1944 

534 

633 

1194 

1549 

883 

705 

744 

1156 

1370 

696 

434 

406 

859 

1945 

477 

1452 

1272 

1896 

1878 

1149 

904 

2265 

1841 

1101 

640 

524 

1279 

1946 

659 

1429 

1825 

1679 

1080 

1138 

1471 

2950 

2669 

2101 

1-068 

570 

1557 

1947 

543 

785 

2254 

1351 

3068 

1144 

1198 

1856 

1582 

1065 

544 

345 

1300 

1948 

1527 

1452 

2050 

1758 

1229 

899 

903 

2557 

3512 

1586 

968 

768 

1602 

1949 

1002 

1474 

1298 

692 

1235 

1477 

1564 

3164 

2562 

1714 

1053 

761 

1501 

1950 

738 

2660 

2592 

1559 

1820 

1852 

1474 

2020 

4096 

2917 

1405 

660  v 

1981 

1951 

1379 

2276 

3617 

1976 

3106 

1074 

1617 

2208 

2305 

1484 

720 

488 

1846 

1952 

1246 

1274 

1245 

714 

1320 

763 

1281 

2238 

2110 

1701 

894 

560 

1278 

1953 

387 

417 

988 

4033 

2215 

950 

991 

2200 

2080 

2203 

1133 

773 

1530 

1954 

1167 

2502 

3035 

2107 

3211 

1517 

1292 

2219 

2418 

2701 

1544 

980 

2051 

1955 

1307 

3560 

2062 

1124 

1259 

654 

1218 

1452 

3126 

2110 

1142 

696 

1640 

1956 

1254 

3240 

1940 

1541 

746 

1005 

1731 

3333 

3754 

2802 

1288 

864 

I960 

1957 

1834 

1574 

2592 

939 

1984 

1661 

1334 

2329 

1751 

1077 

654 

508 

1519 

1958 

526 

769 

1628 

2560 

2549 

1264 

1125 

2413 

2160 

1060 

573 

506 

1405 

M*«n 

864 

1510 

1930 

1711 

1609 

1226 

1341 

2052 

2265 

1554 

828 

584 

1456 

Table  441  —Observed  Mean  Discharge,  in  CPS,  Dungeness  River  Near  Sequin,  Wash. 

Water 


w, 

Oct. 

Nov. 

2S£i 

J*n. 

Feb. 

i 

Sai 

June 

July 

Aug. 

Sept. 

Annua 1 

1928 

292 

143 

94 

1929 

185 

206 

186 

133 

106 

134 

201 

525 

666 

447 

228 

129 

263 

1930 

97 

87 

187 

105 

297 

211 

374 

361 

486 

284 

169 

134 

232 

1931 

145 

146 

110 

430 

328 

299 

328 

546 

599 

374 

182 

168 

299 

1932 

142 

288 

286 

278 

413 

390 

391 

582 

834 

504 

268 

148 

380 

1933 

148 

442 

326 

307 

141 

224 

284 

504 

932 

854 

458 

282 

409 

1934 

288 

319 

958 

630 

390 

434 

462 

528 

444 

3 28 

201 

136 

452 

1935 

258 

602 

342 

726 

574 

322 

261 

500 

674 

488 

264 

224 

458 

1936 

140 

121 

180 

308 

144 

244 

352 

714 

769 

413 

218 

152 

304 

1937 

96 

72 

198 

110 

109 

238 

316 

612 

880 

555 

228 

138 

293 

1939 

156 

392 

575 

393 

218 

261 

438 

713 

879 

537 

229 

152 

413 

1939 

170 

160 

256 

459 

202 

229 

329 

448 

454 

375 

190 

125 

284 

1940 

120 

168 

740 

586 

397 

400 

344 

666 

535 

308 

188 

156 

385 

1941 

348 

261 

434 

393 

359 

240 

276 

416 

508 

344 

174 

152 

325 

1942 

209 

3*4 

715 

251 

217 

163 

270 

477 

638 

457 

201 

120 

341 

1943 

106 

225 

281 

235 

255 

194 

4t>0 

449 

586 

495 

231 

137 

304 

1944 

149 

137 

207 

195 

136 

161 

185 

343 

412 

220 

129 

108 

199 

1945 

110 

237 

219 

276 

417 

231 

240 

609 

579 

409 

200 

150 

306 

1946 

127 

214 

310 

283 

194 

201 

318 

684 

696 

631 

324 

165 

347 

1947 

133 

173 

336 

269 

652 

306 

347 

622 

551 

346 

186 

130 

336 

1948 

349 

265 

414 

333 

284 

214 

265 

772 

1196 

584 

308 

216 

434 

1949 

234 

305 

333 

141 

381 

318 

385 

772 

697 

477 

294 

225 

380 

1950 

145 

597 

529 

313 

379 

408 

320 

598 

1103 

813 

412 

201 

485 

1951 

296 

550 

•42 

495 

754 

294 

441 

641 

717 

502 

243 

158 

493 

1952 

242 

228 

234 

133 

250 

182 

377 

612 

602 

527 

271 

149 

317 

1953 

106 

102 

174 

736 

439 

209 

305 

\ 675 

689 

758 

393 

233 

402 

1954 

290 

sai 

571 

493 

815 

384 

311 

638 

747 

840 

521 

364 

545 

1955 

429 

866 

468 

259 

271 

166 

265 

464 

'n.913 

652 

351 

215 

443 

1956 

259 

773 

460 

351 

181 

213 

509 

893 

1151 

837 

401 

235 

522 

1957 

452 

344 

524 

201 

451 

387 

312 

829 

642 

373 

235 

180 

411 

1958 

IV> 

174 

246 

438 

583 

190 

254 

869 

894 

432 

223 

160 

3H 

Mean 

.m 

W- 

_k_ 

*2.  . 

liL. 

_331_ 

602 

716 

m 

^_264_ 

urn 

! 894 


Table  442  'Observed  Mean  Discharge,  in  CPS,  Duckabush  River  Near  Brlnnon,  Wash. 

Water 


Year 

1928 

Oct. 

Nov. 

2*£i 

J«n. 

Feb. 

Mar. 

iELu 

a a* 

June 

July 

226 

Sept. 

62 

Annual 

1929 

205 

396 

250 

186 

116 

239 

232 

521 

574 

294 

124 

65 

259 

1930 

71 

52 

276 

158 

526 

259 

448 

332 

329 

197 

79 

66 

217 

1931 

130 

172 

167 

666 

406 

397 

406 

490 

481 

232 

86 

125 

318 

1932 

152 

445 

430 

351 

508 

506 

488 

593 

705 

378 

174 

86 

403 

1933 

128 

735 

383 

360 

166 

274 

324 

529 

832 

740 

302 

296 

428 

1934 

385 

457 

1388 

836 

470 

536 

449 

440 

294 

200 

107 

73 

450 

1935 

462 

1194 

536 

995 

641 

368 

269 

495 

546 

336 

148 

186 

493 

1936 

144 

134 

347 

452 

248 

290 

386 

6?8 

670 

300 

119 

85 

335 

1937 

55 

46 

332 

115 

120 

358 

418 

678 

898 

442 

148 

97 

328 

1938 

272 

918 

810 

465 

264 

385 

472 

660 

676 

343 

113 

68 

448 

1939 

258 

301 

450 

656 

220 

254 

318 

411 

370 

236 

97 

63 

304 

1940 

89 

217 

1266 

811 

588 

547 

402 

584 

358 

154 

82 

71 

432 

1941 

513 

384 

672 

569 

539 

357 

374 

507 

380 

180 

107 

226 

400 

1942 

254 

617 

951 

335 

334 

162 

287 

430 

486 

272 

99 

58 

357 

1943 

72 

413 

382 

256 

334 

277 

656 

396 

463 

308 

115 

69 

311 

1944 

321 

248 

375 

452 

246 

198 

232 

354 

358 

145 

75 

73 

257 

1945 

115 

704 

342 

518 

648 

300 

251 

717 

499 

301 

120 

119 

384 

1946 

129 

474 

690 

459 

326 

300 

457 

810 

777 

586 

240 

118 

448 

1947 

136 

282 

650 

292 

878 

297 

290 

403 

349 

180 

96 

77 

324 

1948 

662 

324 

521 

370 

340 

223 

325 

796 

861 

364 

169 

208 

431 

1949 

275 

400 

302 

129 

375 

495 

405 

728 

520 

323 

156 

132 

353 

1950 

132 

822 

596 

351 

547 

482 

398 

569 

903 

592 

267 

116 

480 

1951 

477 

631 

1059 

470 

698 

239 

484 

576 

548 

287 

112 

91 

471 

1952 

428 

479 

349 

214 

434 

240 

560 

772 

626 

484 

206 

97 

407 

1953 

66 

155 

477 

1180 

486 

283 

408 

669 

584 

598 

280 

183 

448 

1954 

392 

967 

662 

448 

868 

382 

362 

546 

544 

585 

303 

188 

518 

1955 

400 

1254 

625 

266 

330 

162 

323 

412 

737 

512 

234 

143 

449 

1956 

329 

714 

500 

451 

148 

297 

626 

1043 

1088 

766 

294 

182 

537 

1957 

455 

348 

540 

170 

541 

490 

459 

742 

452 

290 

163 

109 

396 

1958 

266 

284 

482 

711 

1015 

357 

396 

720 

608 

2“0 

..122  . 

. 62  . 

..  ilS 

Hfjn 

486 

560 

*56 

445 

332 

397 

587 

549 

362 

157 

118 

392 

Table  443  . --Observed  Mean  Discharge,  in  CPS,  North  Fork  Skokomlsh  River  Below  Staircase  Rapids, 


Water 

Near  Hoodsport, 

Wash. 

Year_ 

1928 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

AE li 

May 

June 

July 

172 

Aug. 

69 

Sept. 

55 

Annual 

1929 

268 

544 

363 

194 

Ill 

306 

294 

601 

598 

258 

112 

58 

310 

1930 

76 

49 

396 

150 

686 

331 

585 

333 

242 

135 

64 

60 

256 

1931 

154 

240 

255 

922 

475 

583 

611 

539 

518 

216 

71 

113 

391 

1932 

207 

587 

585 

420 

566 

661 

682 

766 

835 

427 

185 

85 

500 

1933 

155 

926 

535 

480 

186 

366 

433 

699 

984 

817 

308 

380 

524 

1934 

494 

464 

1778 

1204 

571 

661 

419 

438 

184 

188 

109 

86 

552 

1935 

673 

1320 

665 

1235 

744 

431 

338 

610 

604 

334 

140 

197 

606 

1936 

181 

213 

583 

688 

348 

406 

473 

848 

771 

334 

115 

82 

421 

1937 

45 

40 

603 

124 

128 

507 

637 

923 

1091 

438 

96 

399 

1938 

396 

1169 

1052 

569 

267 

486 

602 

727 

610 

266 

61 

526 

1939 

323 

467 

706 

851 

283 

335 

438 

489 

338 

202 

, j 

60 

384 

1940 

111 

335 

1604 

1007 

780 

707 

501 

626 

262 

119 

66 

62 

516 

1941 

785 

551 

357 

710 

679 

495 

448 

547 

284 

140 

113 

275 

490 

1942 

369 

694 

1166 

428 

413 

228 

346 

428 

506 

252 

98 

56 

415 

1943 

95 

582 

552 

338 

381 

429 

901 

475 

465 

267 

108 

66 

387 

1944 

321 

299 

517 

646 

351 

260 

318 

412 

325 

126 

63 

84 

310 

1945 

163 

878 

448 

702 

856 

325 

326 

959 

504 

269 

110 

145 

471 

1946 

182 

628 

851 

634 

450 

*37 

641 

1017 

881 

619 

223 

120 

558 

1947 

204 

460 

955 

443 

1153 

408 

410 

400 

314 

190 

93 

84 

422 

1948 

898 

455 

755 

493 

365 

272 

*38 

1000 

974 

349 

160 

280 

538 

1949 

364 

514 

366 

153 

386 

633 

634 

1036 

639 

351 

164 

148 

449 

1950 

166 

1215 

929 

507 

629 

620 

537 

759 

1099 

661 

286 

123 

626 

1951 

726 

914 

1464 

617 

1087 

303 

642 

663 

534 

234 

100 

13* 

615 

1952 

599 

614 

465 

290 

602 

253 

639 

939 

719 

497 

229 

115 

496 

1953 

69 

201 

576 

1915 

719 

332 

472 

812 

647 

589 

230 

198 

564 

1954 

441 

1134 

928 

571 

1016 

515 

494 

67* 

625 

616 

250 

173 

617 

1955 

519 

1655 

808 

360 

430 

190 

412 

525 

886 

52* 

224 

143 

555 

1956 

564 

1131 

677 

558 

182 

31* 

738 

1304 

L332 

915 

321 

206 

688 

1937 

630 

500 

826 

233 

713 

632 

611 

737 

369 

224 

159 

104 

*77 

1138  , 

297 

396 

893 

1027 

1361 

*80 

333 

772 

506 

138 

8* 

81 

530 

=Sl 

_S21_ 

l&i— 

- ili 

Hi- 

*30 

_il2_ 

— ZO-L 

ill- 

-3?». 

_122_ 

122 

. »?7 

895 


Table 


444  --Observed  Mean  Discharge,  in  CFS,  White  River  at  Greenwater,  Wash. 


Water 


Year 

1928 

Oct. 

Nov. 

Dec. 

Jan. 

Feb, 

Mar. 

AELl 

M^ 

June 

July 

1010 

Aug. 

650 

Sept . 
430 

Annua  1 

1929 

380 

270 

273 

252 

203 

518 

490 

1220 

1360 

979 

707 

376 

586 

1930 

238 

173 

341 

230 

877 

605 

923 

847 

922 

762 

615 

401 

575 

1931 

321 

252 

234 

605 

545 

537 

819 

1390 

1020 

768 

559 

365 

619 

1932 

326 

503 

576 

699 

811 

1150 

1040 

1350 

1720 

1160 

622 

379 

861 

1933 

364 

1750 

915 

853 

318 

458 

749 

1230 

2380 

1900 

990 

556 

1040 

1934 

946 

1009 

3648 

1693 

889 

1177 

1334 

1130 

898 

761 

671 

431 

1222 

1935 

656 

1359 

926 

1305 

897 

633 

646 

1111 

1396 

988 

646 

509 

922 

1936 

299 

220 

269 

618 

292 

579 

1012 

1704 

1548 

881 

663 

451 

713 

1937 

324 

188 

388 

162 

256 

537 

819 

1358 

2187 

1242 

637 

485 

717 

1938 

394 

1195 

992 

828 

396 

488 

1106 

1531 

1812 

1116 

608 

502 

916 

1939 

325 

427 

583 

604 

417 

641 

1009 

1325 

1163 

916 

645 

406 

707 

1940 

286 

299 

730 

564 

679 

693 

746 

1267 

1006 

753 

593 

483 

675 

1941 

433 

420 

631 

447 

368 

398 

566 

834 

890 

793 

615 

426 

570 

1942 

478 

603 

1060 

456 

454 

352 

655 

950 

1448 

1116 

710 

424 

727 

1943 

303 

786 

872 

584 

704 

539 

1227 

1007 

1447 

1314 

673 

486 

828 

1944 

357 

325 

568 

349 

446 

380 

542 

943 

1066 

740 

543 

437 

558 

1945 

309 

329 

436 

869 

778 

456 

632 

1625 

1427 

991 

555 

410 

735 

1946 

374 

644 

787 

779 

516 

737 

1031 

1855 

1692 

1354 

802 

469 

923 

1947 

468 

710 

1462 

841 

899 

735 

971 

1538 

1247 

839 

576 

481 

898 

1948 

1114 

1140 

800 

739 

581 

499 

690 

1592 

2652 

1088 

691 

467 

1004 

1949 

466 

643 

649 

432 

581 

762 

1121 

2280 

1762 

1128 

666 

473 

915 

1950 

414 

960 

769 

655 

694 

924 

892 

1570 

2660 

1874 

862 

552 

1070 

1951 

818 

1448 

1536 

727 

1313 

624 

1169 

1504 

1484 

1129 

638 

422 

1065 

1952 

556 

544 

501 

330 

642 

428 

970 

1407 

1249 

1004 

625 

433 

724 

1953 

341 

227 

243 

1043 

978 

416 

665 

1149 

1302 

1404 

715 

500 

747 

1954 

490 

598 

1372 

647 

843 

552 

690 

1352 

1416 

1531 

758 

529 

900 

1955 

432 

624 

514 

525 

688 

320 

572 

985 

2395 

1573 

846 

591 

838 

1956 

863 

1592 

1490 

726 

400 

457 

1260 

2225 

2200 

1791 

898 

569 

1208 

1957 

520 

690 

1515 

605 

535 

854 

917 

1753 

1395 

817 

609 

520 

897 

1958 

377 

416 

648 

776 

852 

504 

734 

1744 

1562 

950 

720 

449 

811 

Mean 

467 

690 

880 

681 

644 

602 

867 

1393 

1557 

1122 

682 

- 166 

557 

Table 

445 

— Observed  Mean  Discharge, 

In  CFS, 

Puyallup  River 

at  Puyallup, 

Wash. 

Water 

Y««r 

Oct. 

Nov. 

Dec. 

J»n. 

Feb. 

MSI 

June 

July 

Aur. 

Sept. 

Annual 

1928 

3080 

2080 

1720 

1929 

2100 

1510 

1590 

1710 

1620 

2820 

2800 

4960 

5130 

2690 

2130 

1600 

2560 

1930 

1160 

678 

1770 

1730 

4030 

3080 

3020 

2720 

2740 

2170 

1780 

1440 

2180 

1931 

1620 

1130 

1040 

2550 

2120 

2660 

4300 

3360 

3610 

2430 

1900 

1500 

2350 

1932 

1780 

2910 

2860 

3390 

4490 

6430 

4650 

4410 

5350 

3480 

2080 

1840 

3630 

1933 

2290 

8120 

4520 

5390 

2020 

3240 

3360 

4360 

6230 

4480 

2580 

2120 

4060 

1934 

4316 

4634 

15790 

8024 

4163 

5060 

4236 

4751 

2663 

2066 

1797 

1330 

4927 

1935 

3719 

5902 

4414 

6261 

3521 

3133 

2985 

3215 

4116 

3189 

2018 

1626 

3676 

1936 

1193 

1238 

1499 

4396 

2734 

3540 

4115 

6647 

6061 

3191 

2438 

1909 

3249 

1937 

1359 

792 

3140 

1416 

2352 

2996 

4103 

4165 

6322 

3360 

2089 

1661 

2812 

1938 

1427 

6280 

5222 

4203 

2324 

2572 

4992 

4430 

4155 

2855 

1918 

1805 

3516 

1939 

1700 

2264 

3344 

3796 

3098 

3497 

3380 

3784 

3978 

3050 

2093 

1565 

2963 

1940 

1423 

1727 

^3392 

3135 

4486 

3964 

3098 

3618 

2447 

2097 

1706 

1561 

2717 

1941 

1591 

2217 

2515 

2324 

1801 

1585 

1977 

2575 

2666 

2218 

1737 

1818 

2087 

1942 

2313 

2670 

4850 

2325 

2483 

1942 

2487 

3505 

5167 

3682 

2183 

1360 

2917 

1943 

1139 

4206 

4638 

2940 

4094 

2763 

4601 

3339 

4448 

3389 

1796 

‘ 2 

3226 

1944 

1540 

1480 

3037 

2074 

2305 

2054 

2196 

3027 

2955 

2069 

1628 

1869 

2186 

1945 

1315 

1477 

2189 

4693 

3977 

2755 

3395 

4951 

3616 

2375 

1798 

2086 

2879 

1946 

1829 

4335 

4594 

5034 

4059 

4289 

4053 

5534 

5290 

3910 

2104 

1383 

3867 

1947 

2141 

3807 

7523 

4411 

4110 

3156 

3903 

3962 

3808 

2479 

1505 

1642 

3535 

1948 

3926 

5641 

4513 

4084 

3762 

3304 

3153 

5095 

6963 

3447 

2454 

1824 

4011 

1949 

2186 

3495 

4358 

1869 

3640 

3904 

4399 

6407 

4399 

3226 

2171 

1488 

3461 

1950 

2192 

4067 

4630 

4509 

5000 

5969 

4145 

4692 

6928 

5160 

2643 

1737 

4301 

1951 

3123 

5304 

6577 

4812 

7187 

3529 

3494 

4153 

3665 

2583 

1777 

1364 

3960 

1952 

2916 

2682 

2910 

1874 

3289 

2277 

3267 

4291 

3505 

2808 

1744 

1192 

2727 

1953 

846 

656 

964 

6248 

5490 

2297 

2981 

3600 

4551 

3924 

2026 

1483 

2907 

1954 

1714 

2987 

7465 

4363 

4397 

3068 

345  8 

3957 

4934 

4513 

2574 

1995 

3785 

1955 

1837 

2906 

2730 

3355 

3948 

2146 

3740 

3700 

6830 

4850 

2493 

1621 

3337 

1956 

3663 

6925 

7646 

4708 

2588 

3673 

4634 

5905 

6369 

4593 

2244 

1498 

4544 

1957 

2523 

3288 

6667 

2121 

2960 

4436 

3820 

4855 

3868 

2340 

1687 

1457 

3341 

195* 

1401 

2068 

3699 

4335 

4354 

2782 

3567 

4260 

3934 

2620 

i960 

1598 

30*0 

zsza — 

JU3_ 

■ ,»33S_ 

3736 

3297 

3610 

4557 

*W5 

2035 

1629 

3292 

896 
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Table  446  --Observed  Mean  Discharge,  In  CFS,  Green  River  Near  Auburn,  Wash 


I 


Water 


Year. 

1928 

Oct. 

Nov. 

Dec. 

j«n- 

Feb. 

Mar. 

Apr. 

MSI 

June 

July 

444 

Aug. 

235 

Sept. 

211 

Annual 

1929 

573 

516 

330 

675 

715 

1590 

1600 

2040 

1230 

438 

226 

182 

885 

1930 

198 

270 

870 

560 

2170 

1780 

1850 

1150 

660 

318 

165 

127 

843 

1931 

263 

490 

550 

1400 

1200 

1470 

2080 

1410 

450 

320 

180 

192 

834 

1932 

727 

1400 

1200 

2270 

2540 

4250 

2500 

1900 

1340 

520 

278 

244 

1597 

1933 

646 

4340 

2150 

3240 

840 

1760 

i960 

2200 

2400 

850 

247 

455 

1757 

1934 

1740 

2180 

6900 

4300 

1680 

2660 

1380 

740 

355 

240 

145 

175 

1875 

1935 

1240 

1900 

2170 

3550 

2050 

1600 

1320 

1480 

935 

440 

244 

160 

1424 

1936 

190 

453 

780 

2800 

1030 

2350 

2390 

2500 

1310 

415 

567 

376 

1263 

1937 

230 

187 

1757 

627 

1304 

1909 

2505 

2010 

1685 

587 

287 

231 

1108 

1938 

321 

3142 

2496 

2509 

1084 

1463 

2682 

1977 

728 

317 

185 

144 

1421 

1939 

222 

966 

1753 

2449 

1694 

1923 

1810 

1342 

1033 

486 

233 

203 

1174 

1940 

327 

821 

1600 

1028 

2071 

2077 

1450 

1399 

408 

223 

155 

148 

972 

1941 

285 

824 

1377 

1030 

732 

681 

827 

676 

607 

290 

182 

437 

662 

1942 

1056 

1156 

2358 

981 

1350 

1137 

1457 

1266 

1849 

639 

298 

196 

1143 

1943 

222 

1923 

2367 

1435 

1630 

1438 

2624 

1685 

1331 

569 

238 

173 

1298 

1944 

305 

521 

1631 

906 

1180 

1041 

1302 

1492 

768 

303 

195 

286 

827 

1945 

276 

562 

1075 

2762 

2099 

1583 

2172 

2797 

1076 

362 

201 

510 

1285 

1946 

734 

1946 

2040 

2432 

1776 

2442 

2453 

2665 

1710 

774 

297 

239 

1625 

1947 

733 

1341 

4182 

2452 

2211 

1757 

1977 

1117 

750 

453 

204 

256 

1451 

1948 

1607 

3062 

1974 

1980 

1812 

1531 

1959 

2854 

2205 

707 

404 

375 

1703 

1949 

643 

1568 

1945 

1000 

1875 

2042 

2409 

3018 

1318 

537 

250 

187 

1396 

1950 

775 

1741 

2225 

1715 

2187 

3112 

2615 

2829 

2648 

954 

340 

244 

1778 

1951 

971 

2533 

2912 

2368 

4061 

1620 

2033 

1870 

847 

291 

151 

132 

1632 

1952 

727 

1137 

1253 

746 

1732 

1166 

1955 

1694 

734 

414 

173 

108 

983 

1953 

110 

111 

224 

3499 

2824 

1173 

1584 

1588 

1300 

625 

279 

186 

1115 

1954 

355 

1261 

4184 

2343 

2300 

1*51 

2002 

1987 

1962 

917 

379 

356 

1622 

1955 

400 

1085 

1118 

1563 

2272 

1020 

1889 

2308 

2759 

1274 

500 

272 

1363 

1956 

1447 

2845 

3491 

2075 

1032 

1655 

2905 

3042 

1748 

680 

251 

186 

1782 

1957 

825 

1302 

3586 

872 

1127 

1971 

2239 

1696 

655 

346 

220 

148 

1252 

217 

■n-Ji 

1692 

2098 

2352 

1103 

1841 

1303 

466 

217 

139 

194 

1015 

Mean 

612 

1408 

2090 

1922 

1764 

1758 

1992 

1871 

1242 

517 

254 

237 

'W.WM 

Table  447  --Observed  Mean  Discharge,  In  CPS,  South  Fork  Skykomlsh  River  Near  Index,  Wash. 


Water 


Year 

1928 

Oct. 

Nov, 

Dec. 

Jan. 

Feb. 

Mar. 

«*i 

June 

July 

1310 

Aug. 

474 

Sept. 

407 

Annual 

1929 

1950 

1070 

976 

595 

454 

1720 

1830 

4800 

4560 

1670 

540 

350 

1720 

1930 

461 

426 

1610 

770 

3970 

2090 

3360 

2650 

2340 

962 

406 

380 

1600 

1931 

1280 

1160 

1010 

2140 

2040 

2720 

2620 

3700 

2810 

961 

404 

597 

1790 

1932 

1210 

2460 

1460 

2210 

3930 

4060 

3690 

4340 

4660 

2350 

812 

581 

2640 

1933 

1634 

7910 

3377 

2792 

780 

1719 

2645 

4119 

6860 

4682 

1693 

1962 

3352 

1934 

4326 

3786 

9440 

5334 

2262 

4278 

4244 

3158 

1627 

839 

498 

588 

3383 

1935 

2610 

4132 

2843 

5093 

2651 

1630 

1641 

3688 

4322 

2072 

635 

491 

2651 

1936 

528 

938 

1153 

2081 

695 

1881 

3867 

7005 

5017 

1424 

535 

536 

2141 

1937 

479 

365 

3092 

595 

897 

1858 

•2464 

*4424 

• 6-309 

2013 

• 687 

449 

• 1973  ' 

1938 

997 

4910 

3258 

2158 

802 

1551 

3725 

4169 

3352 

1122 

434 

341 

2237 

1939 

740 

2398 

3151 

3524 

1394 

1986 

3322 

4827 

3730 

2364 

755 

506 

2399 

1940 

1135 

2055 

3838 

1611 

2248 

2481 

2467 

3538 

1651 

655 

408 

322 

1868 

1941 

1232 

1477 

1974 

1435 

1068 

1209 

1640 

2167 

1414 

646 

383 

1578 

1352 

1942 

3035 

2238 

3155 

819 

1010 

1209 

2859 

3298 

3922 

1563 

557 

360 

2007 

1943 

642 

3058 

2608 

1760 

1709 

2348 

4336 

3969 

4933 

3263 

898 

506 

2501 

1944 

717 

1151 

2999 

1376 

1254 

1553 

2317 

3516 

2607 

889 

471 

1297 

1679 

1945 

1011 

1637 

2280 

3605 

2811 

1460 

1815 

5027 

3013 

1197 

480 

1004 

2109 

1946 

1786 

2806 

2322 

2040 

1432 

1950 

3129 

6260 

5552 

2686 

782 

502 

2609 

1947 

1695 

1515 

4331 

2977 

2932 

2538 

3750 

4656 

3413 

1625 

637 

704 

2564 

1948 

3539 

3590 

2778 

1655 

1559 

1283 

2383 

5797 

7130 

2327 

1095 

944 

2840 

1949 

1725 

2374 

1700 

7*8 

1569 

2258 

3395 

6758 

4740 

2807 

1142 

952 

2518 

1950 

2273 

4104 

30*7 

1942 

1899 

3131 

2777 

4579 

7966 

4926 

1757 

781 

3269 

1951 

29*5 

3926 

4321 

2268 

4844 

1*19 

3059 

4622 

3614 

1363 

536 

589 

2775 

1952 

2682 

2048 

1386 

873 

1891 

1123 

2973 

4563 

3340 

1728 

587 

376 

1962 

1953 

267 

316 

892 

6868 

3375 

1398 

2410 

4057 

3860 

3172 

925 

603 

2343 

1954 

1410 

2843 

4652 

2126 

2778 

1593 

2564 

4893 

5477 

5075 

2007 

126* 

3059 

1955 

1534 

3502 

1948 

1354 

2188 

913 

1964 

3710 

6865 

4643 

1663 

668 

2575 

1956 

3383 

5022 

3373 

1450 

746 

1*29 

4031 

6929 

6034 

4032 

948 

885 

3193 

1957 

2928 

2625 

5679 

1029 

1652 

1887 

3214 

5694 

3825 

1*03 

622 

403 

2568 

1958 

603 

1251 

2600 

mma 

2455 

1334 

2522 

5023 

2642 

832 

434 

714 

1900 

AD-A036  573 
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Table  448  --Observed  Mean  Discharge,  In  CFS,  Snoqualmie  River  Near  Carnation,  Wash. 


Water 


Year 

1928 

Oct. 

Nov. 

Dec  . 

Jan. 

Feb. 

Mar . 

Apr. 

May 

June 

July 

1370 

Aug. 

589 

Sept. 

596 

Annual 

1929 

4470 

1980 

2140 

1260 

873 

3850 

3470 

6360 

5960 

1930 

693 

521 

2810 

1930 

761 

792 

3930 

1920 

6780 

3510 

4040 

3430 

3000 

963 

492 

547 

2480 

1931 

2760 

2230 

1870 

5290 

3420 

4720 

4850 

4280 

3500 

1200 

509 

1250 

2990 

1932 

2830 

4400 

3530 

5180 

5540 

9980 

6800 

5620 

5450 

3320 

1340 

1180 

4590 

1933 

3080 

12800 

6640 

6960 

2380 

4360 

4060 

5730 

7740 

4000 

1420 

3020 

5190 

1934 

5760 

6712 

14530 

9550 

4003 

5122 

4244 

3178 

1567 

1067 

773 

1106 

4823 

1935 

4434 

6381 

5319 

8530 

3974 

3282 

2842 

3626 

3584 

2126 

1001 

779 

3827 

1936 

994 

2681 

3199 

6055 

2207 

4228 

4934 

7847 

5570 

1881 

716 

963 

3445 

1937 

871 

667 

5688 

1291 

3233 

4052 

5414 

5646 

6856 

2197 

1059 

794 

3144 

1938 

1909 

8851 

6019 

4814 

2065 

2946 

5962 

4585 

2780 

1090 

583 

493 

3509 

1939 

1196 

3942 

6105 

6376 

3516 

3711 

4112 

5031 

4906 

2811 

902 

851 

3624 

1940 

2325 

3509 

6277 

3019 

4640 

5089 

4043 

4422 

1803 

840 

626 

517 

3091 

1941 

2012 

2925 

3894 

2941 

2001 

1933 

2230 

3072 

2250 

966 

523 

3032 

2314 

1942 

4309 

3401 

5929 

2222 

2648 

2646 

3677 

4117 

6035 

2206 

899 

576 

3224 

1943 

1018 

6979 

6000 

3110 

3772 

3638 

5546 

4921 

4881 

2713 

1023 

791 

3689 

1944 

1869 

2101 

5123 

2511 

2658 

2721 

3869 

5224 

3263 

1153 

734 

2563 

2815 

1945 

1664 

3402 

3883 

6161 

4860 

3740 

4144 

6588 

3626 

1472 

615 

2574 

3551 

1946 

3309 

6693 

4835 

4861 

3862 

4315 

4655 

6333 

6233 

3081 

1028 

811 

4166 

1947 

3059 

4081 

8690 

6198 

5674 

3833 

5601 

4265 

3994 

1846 

899 

1614 

4137 

1948 

5811 

8282 

5634 

4632 

3981 

3207 

4037 

7238 

7372 

2740 

2015 

1933 

4737 

1949 

2739 

5494 

4168 

2118 

4264 

4546 

4747 

7191 

4541 

3087 

1528 

1228 

3798 

1950 

3520 

5279 

5427 

4729 

5545 

7093 

5235 

5872 

7850 

4410 

2133 

1109 

4844 

1951 

4281 

6642 

7502 

5203 

9219 

3012 

3800 

4955 

3524 

1376 

578 

719 

4200 

1952 

4374 

3424 

3362 

2098 

4030 

2686 

4392 

5578 

3884 

2327 

790 

593 

3124 

1953 

479 

619 

1756 

1140 

6169 

3012 

4413 

5302 

4703 

2955 

1126 

871 

3533 

1954 

2518 

5133 

9176 

5017 

6044 

3181 

3962 

4856 

6254 

4221 

2030 

2150 

4535 

1955 

1843 

4716 

3518 

3172 

4684 

2212 

4208 

5676 

7871 

5629 

2226 

1125 

3894 

1956 

5444 

7885 

7906 

4544 

2279 

3817 

5704 

7103 

6273 

3698 

1138 

1436 

4777 

1957 

4722 

4558 

8388 

2116 

3674 

4287 

4929 

5701 

3452 

1534 

910 

576 

3742 

1958 

Mean 

1026 

2846 

2625 

4639 

4547 

5500 

5208 

4274 

4974 

4099 

2446 

3872 

4022 

4465 

4152 

5263 

2246 

4699 

895 

2324 

517 

1028 

1170 

1230 

2805 

3714 

Table 

Water 

449  --Observed  Mean  Discharge 

In  CPS,  South  Fork  Stlllaguamlsh  River 

Near  Granite  Falls,  Wash 

Year 

1928 

Oct. 

Nov. 

Dec. 

Jan. 

Peb. 

Mar. 

APJ.t 

USSL 

June 

July 

344 

Au&^ 

117 

Sept. 

153 

Annual 

1929 

1220 

668 

724 

349 

163 

1010 

945 

1570 

1320 

375 

156 

100 

721 

1930 

256 

203 

1170 

458 

2230 

980 

1080 

808 

796 

253 

91 

231 

702 

1931 

917 

616 

739 

1890 

943 

1600 

1430 

1020 

1230 

340 

111 

738 

964 

1932 

863 

1440 

1290 

1360 

2310 

2220 

1920 

1430 

1350 

1000 

295 

319 

1310 

1933 

1010 

3330 

1640 

1580 

560 

1260 

1130 

1570 

2010 

1190 

454 

1140 

1410 

1934 

1596 

1326 

3917 

2641 

1006 

1819 

969 

1067 

436 

367 

161 

496 

1325 

1935 

1172 

2197 

1512 

2931 

1080 

898 

751 

1107 

1025 

610 

253 

368 

1160 

1936 

382 

720 

842 

1396 

642 

1142 

1582 

2116 

1373 

458 

171 

310 

929 

1937 

247 

162 

2104 

243 

589 

1136 

1573 

1474 

1908 

481 

267 

148 

862 

1938 

871 

2477 

1812 

1175 

450 

821 

1632 

1222 

586 

205 

78 

78 

952 

1939 

857 

1379 

1893 

1926 

675 

902 

1319 

1631 

1166 

831 

201 

210 

1086 

1940 

853 

1127 

2021 

888 

1439 

1456 

1010 

901 

318 

140 

142 

99 

865 

1941 

1116 

1053 

1272 

968 

580 

514 

454 

988 

427 

146 

98 

902 

711 

1942 

1384 

1162 

1536 

513 

673 

737 

1057 

1033 

1413 

584 

146 

92 

861 

1943 

431 

1779 

1468 

771 

1048 

1065 

1511 

1158 

994 

703 

217 

161 

939 

1944 

650 

657 

1324 

960 

653 

798 

959 

1236 

615 

207 

131 

907 

759 

1945 

755 

1431 

907 

2037 

1320 

1037 

915 

1598 

767 

300 

110 

640 

983 

1946 

1268 

1583 

1386 

1575 

1129 

1199 

1461 

1741 

1628 

684 

230 

200 

1174 

1947 

1191 

1322 

2140 

1573 

1652 

982 

1452 

1042 

1056 

450 

209 

416 

1120 

1948 

1878 

1411 

1684 

1040 

1078 

694 

1208 

1932 

1560 

486 

533 

800 

1192 

1949 

821 

1490 

928 

386 

1148 

1291 

1440 

2013 

1162 

902 

426 

562 

1045 

1950 

1360 

2114 

1918 

1292 

1855 

i960 

1530 

1568 

2007 

1028 

646 

352 

1466 

1951 

1557 

1788 

2112 

1387 

3216 

746 

1055 

1176 

683 

264 

136 

375 

1194 

1952 

1609 

1043 

799 

697 

1178 

599 

1216 

1465 

1045 

509 

221 

177 

878 

1953 

164 

297 

944 

4093 

1545 

785 

1131 

1357 

1074 

700 

356 

601 

1087 

1954 

1316 

1594 

2441 

1307 

1915 

752 

1159 

1402 

1681 

1150 

679 

687 

1336 

1955 

750 

2174 

1211 

777 

1212 

454 

1214 

1597 

2079 

1425 

590 

288 

1144 

1956 

2097 

2224 

1737 

1193 

450 

856 

1401 

1665 

1543 

812 

258 

558 

1235 

1957 

1729 

1236 

2668 

466 

1387 

1209 

1455 

1494 

931 

454 

259 

149 

1119 

Table 

450  - 

•Observed  Mean  Discharge,  In 

CFS,  North  Fork  Stlllaguamlsh  River 

Near  Arlington 

, Wash. 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar . 

AEJIl 

Ma^ 

June 

July 

Aug. 

Sept. 

Annual 

1928 

550 

235 

256 

1929 

1750 

1470 

1300 

783 

467 

1900 

1830 

2340 

1730 

559 

305 

222 

1230 

1930 

334 

268 

1770 

929 

3620 

1730 

1970 

1160 

956 

381 

212 

363 

1120 

1931 

1310 

1050 

1380 

3370 

1940 

2850 

2700 

1530 

1590 

602 

240 

1290 

1650 

1932 

1330 

2390 

2370 

2450 

3230 

4170 

3390 

2210 

1930 

1460 

483 

359 

2140 

1933 

1290 

5160 

3100 

2840 

1290 

2540 

1950 

2570 

2890 

1640 

621 

1310 

2270 

1934 

2635 

2088 

5734 

4435 

1928 

2692 

1736 

1534 

643 

613 

330 

566 

2088 

1935 

1385 

3439 

2547 

4655 

2326 

1697 

1253 

1613 

1324 

720 

383 

568 

1824 

1936 

553 

1132 

1394 

2839 

1232 

2200 

2330 

2946 

2014 

659 

299 

442 

1505 

1937 

321 

223 

2950 

484 

1110 

2101 

2698 

2243 

2793 

715 

470 

302 

1368 

1938 

1217 

4213 

3644 

2648 

1050 

1735 

2890 

2009 

789 

332 

166 

140 

1739 

1939 

1134 

2304 

3072 

3488 

1545 

1725 

2116 

2175 

1568 

939 

351 

315 

1731 

1940 

1146 

2071 

3797 

1873 

2671 

2823 

1659 

1532 

525 

290 

266 

216 

1571 

1941 

1651 

1719 

2369 

1852 

1190 

985 

812 

1473 

706 

336 

225 

1345 

1223 

1942 

1997 

2168 

3225 

1139 

1343 

1355 

1607 

1568 

2326 

849 

329 

205 

1510 

1943 

726 

3185 

3015 

1740 

2209 

1635 

2922 

1991 

1723 

1020 

369 

255 

1725 

1944 

858 

994 

2104 

2298 

1543 

1574 

1575 

1733 

911 

359 

252 

1187 

1282 

1945 

1076 

2341 

1529 

3464 

2204 

1788 

1771 

2691 

997 

496 

308 

868 

1624 

1946 

2275 

2986 

2309 

2673 

2270 

2512 

2648 

2764 

2554 

1111 

436 

370 

2073 

1947 

1652 

1679 

3611 

3115 

3055 

1922 

2489 

1512 

1542 

788 

387 

719 

1866 

1948 

2892 

2902 

3219 

2204 

1932 

1463 

1932 

3356 

2347 

836 

827 

1191 

2093 

1949 

1581 

2736 

1895 

871 

2227 

2663 

2547 

3638 

1820 

1192 

686 

677 

1874 

1950 

1868 

3572 

3606 

2323 

3396 

3425 

2645 

2453 

3088 

1522 

888 

573 

2439 

1951 

2493 

3181 

4368 

2493 

4826 

1558 

1998 

2055 

1079 

489 

27 1 

415 

2084 

1952 

2509 

1858 

1807 

1394 

2555 

1317 

2221 

2247 

1438 

699 

J79 

409 

1565 

1953 

283 

447 

1680 

5852 

3198 

1554 

1827 

2057 

1528 

918 

492 

672 

1703 

1954 

2122 

2839 

4723 

2592 

3787 

1593 

2317 

2375 

2514 

1611 

926 

1019 

2359 

1955 

1109 

3474 

2198 

1704 

2440 

1208 

2491 

2480 

3159 

1953 

874 

418 

1950 

1956 

2876 

3750 

3310 

2502 

910 

1684 

2516 

2781 

2488 

1185 

454 

805 

2104 

1957 

2999 

2023 

4686 

1041 

2344 

2379 

2383 

2212 

1236 

639 

452 

275 

1890 

1958 

591 

1350 

2538 

3189 

3046 

1348 

1865 

1356 

737 

374 

231 

488 

1416 

Mean 

1532 

2300 

2842 

2441 

2229 

2005 

2170 

2153 

1698 

843 

430 

599 

1770 

< 

f 


Table  451  --Observed  Mean  Discharge,  In  CFS,  Sauk  River  Near  Sauk,  Wash. 


Water 

£ear_ 

Oct, 

Nov. 

Dec . 

Jan. 

Feb. 

fiili 

Apr. 

an 

June 

July 

Aug. 

Sept, 

Annua 1 

1928 

1929 

3490 

1980 

1930 

1280 

793 

2180 

2630 

6650 

7810 

4460 

4450 

2000 

2210 

1410 

1220 

3070 

1930 

993 

724 

2290 

1310 

5620 

2960 

5260 

4580 

5670 

4130 

1960 

1400 

3050 

1931 

2090 

1700 

1740 

4300 

3390 

4050 

4250 

6830 

7230 

3700 

1820 

2150 

3600 

1932 

1990 

3730 

3110 

3040 

6090 

5690 

5510 

6750 

8990 

6040 

2970 

1700 

4620 

1933 

2830 

9590 

5140 

3890 

1760 

3000 

3620 

5600 

10800 

10100 

5070 

3860 

5450 

1934 

6203 

5819 

11580 

8136 

4287 

6303 

7375 

7305 

5519 

3934 

2422 

1897 

5919 

1935 

3281 

6944 

4353 

8381 

4722 

2762 

2386 

5376 

7606 

5465 

2502 

2040 

4650 

1936 

1424 

1468 

1842 

3220 

1539 

2948 

5311 

10040 

9904 

4348 

2148 

1645 

3824 

1937 

1183 

751 

3923 

1214 

1332 

2903 

3710 

6437 

11430 

5935 

2209 

1498 

3553 

1938 

2327 

6031 

5399 

4204 

1891 

2638 

4947 

6921 

7940 

4268 

1758 

1426 

4154 

1939 

1976 

2753 

4234 

5542 

2353 

2834 

4816 

7805 

7171 

6420 

2823 

1589 

4209 

1940 

2200 

3183 

6585 

3480 

3512 

4148 

3784 

6166 

4469 

2522 

1718 

1371 

3600 

1941 

3034 

2697 

3906 

2665 

2106 

2168 

2860 

4162 

3715 

2515 

1778 

2991 

2887 

1942 

4262 

3693 

5692 

1882 

1920 

1863 

3569 

5033 

6933 

4742 

1988 

1089 

3566 

1943 

1136 

3672 

4283 

2871 

3386 

3410 

6216 

5448 

7964 

7785 

2961 

1653 

4232 

1944 

1743 

1877 

3444 

2620 

2187 

2175 

2912 

5321 

5679 

2970 

1719 

2412 

2922 

1945 

2534 

3047 

2816 

4655 

4689 

2765 

2701 

7092 

6098 

4143 

1909 

2132 

3709 

1946 

3372 

4497 

3458 

3691 

2648 

3290 

4310 

9104 

8635 

6386 

2761 

1547 

4487 

1947 

2706 

2624 

5429 

3785 

4704 

3470 

4798 

7983 

7149 

4821 

2330 

1751 

4295 

1948 

4432 

4053 

4233 

3470 

2875 

23t>6 

3472 

8411 

12610 

5533 

3469 

2703 

4811 

1949 

3178 

3459 

2760 

1464 

2649 

3881 

4867 

10570 

8217 

6206 

3241 

2540 

4430 

1950 

3718 

8028 

5642 

3904 

4153 

5395 

4254 

6189 

12430 

10310 

4811 

2175 

5923 

1951 

4647 

6135 

7418 

4122 

9062 

2775 

4777 

7442 

7628 

4757 

2215 

1853 

5206 

1952 

4164 

3209 

2760 

1695 

3491 

1798 

4431 

7188 

6590 

5043 

2347 

1511 

3684 

1953 

1089 

886 

1457 

7956 

5615 

2465 

3393 

6029 

6216 

7174 

3492 

2280 

4000 

1954 

3152 

4284 

6140 

3929 

5686 

3049 

3707 

7119 

8471 

10140 

5452 

3583 

5394 

1955 

2942 

*513 

3832 

2532 

3083 

1523 

3311 

5212 

11480 

9099 

4173 

2070 

4648 

1956 

5580 

7752 

5055 

3273 

1627 

2328 

4970 

9054 

9709 

8068 

3122 

2562 

5267 

1957 

4780 

3832 

6922 

2238 

3594 

3696 

4175 

9197 

7326 

3975 

2211 

1648 

4476 

195* 

1704 

2040 

3213 

4275 

3*45 

2412 

3369 

8134 

6741 

3195 

1882 

2115 

3583 

2,39 

3»99 

4353 

3634 

_3420_ 

3108 

4190 

6968 

1W 

5606 

■ *71» 

2014 

4241 

899 


I 


Table  452  —Observed  Mean  Discharge,  in  CPS,  Nookaack  River  at  Deming,  Wash 


Water 


Year 

Oct. 

Nov. 

Dec . 

Jan. 

Peb. 

Mar . 

Apr. 

May 

June 

July 

Aug. 

Sept. 

1928 

2470 

1340 

1260 

1929 

3030 

2200 

1930 

1460 

965 

2730 

2900 

4800 

4660 

2530 

1510 

1220 

1930 

1060 

900 

2560 

1630 

4860 

2500 

3070 

3040 

3230 

2120 

1290 

1400 

1931 

2420 

1570 

2040 

4400 

2570 

4050 

3930 

4020 

4400 

2630 

1360 

2550 

1932 

2450 

3580 

3370 

3360 

4330 

5870 

4750 

4600 

5030 

4610 

1930 

1390 

1933 

2390 

7210 

4350 

3800 

1690 

3620 

3040 

5140 

6800 

5030 

2250 

2580 

1934 

4260 

3120 

7880 

5610 

2550 

3830 

4380 

3600 

2660 

2660 

1570 

1650 

1935 

2520 

5140 

3610 

5860 

3100 

2450 

2220 

3710 

3910 

2659 

1400 

1957 

1936 

2042 

1903 

1997 

3727 

1349 

3228 

4861 

6750 

5266 

2525 

1450 

1594 

1937 

1104 

672 

4528 

957 

1504 

3163 

3491 

4643 

7815 

3281 

1720 

1226 

1938 

2781 

6405 

5039 

3532 

1600 

2110 

3519 

3914 

3640 

2483 

1317 

1176 

1939 

1543 

2238 

4966 

5098 

2123 

2447 

3492 

4716 

4536 

3778 

1895 

1222 

1940 

2624 

3322 

6376 

2932 

3568 

4409 

2776 

3767 

2368 

1652 

1334 

1186 

1941 

2841 

2026 

3521 

2947 

2395 

2063 

1924 

3135 

2463 

1862 

1339 

2789 

1942 

4102 

3714 

4173 

1688 

1635 

1784 

2368 

2950 

4227 

2730 

1584 

963 

1943 

1091 

3348 

4054 

2607 

2988 

2264 

5011 

4040 

4511 

4023 

1715 

1300 

1944 

1723 

1370 

3233 

2771 

1701 

1990 

2283 

3372 

3142 

1798 

1324 

1983 

1945 

1751 

3276 

2430 

4456 

3179 

2472 

2619 

5480 

3617 

2696 

1490 

1748 

1946 

4102 

5010 

3481 

3558 

3007 

3098 

3725 

6123 

5327 

3761 

1949 

1245 

1947 

2331 

2099 

4459 

3435 

4420 

2974 

3774 

4413 

4030 

2564 

1348 

1495 

1948 

4815 

3921 

4752 

3542 

2505 

2063 

2636 

5637 

6550 

3027 

2742 

2587 

1949 

2800 

4063 

2523 

1430 

2731 

3706 

4029 

6109 

4538 

3405 

2201 

2161 

1950 

2405 

4462 

4931 

3146 

3817 

4782 

3631 

4630 

7207 

4963 

2668 

1864 

1951 

3856 

4175 

6244 

4247 

7118 

2284 

3205 

4067 

3458 

2366 

1432 

1218 

1952 

3316 

2509 

2416 

1560 

3193 

1828 

3590 

5260 

4158 

3160 

1855 

1252 

1953 

895 

901 

1760 

6941 

4385 

2290 

3041 

4365 

4056 

3811 

1978 

1847 

1954 

3923 

5616 

6552 

4055 

5229 

2622 

2930 

4694 

5568 

5288 

3319 

2371 

1955 

2608 

6986 

3409 

2656 

2686 

1609 

3069 

4238 

7228 

5365 

2817 

1716 

1956 

3779 

5967 

4063 

3032 

1473 

2368 

4061 

5993 

7091 

4152 

2133 

1950 

1957 

5835 

3517 

5801 

1791 

2595 

3723 

3464 

5496 

3751 

2632 

1870 

1569 

1958 

1730 

1680 

2790 

4340 

KEGS 

2260 

2700 

4360 

3330 

2109 

1334 

1551 

Mean 

2738 

3430 

3975 

3352 

2996 

2886 

3350 

4569 

4619 

3189 

1804 

1692 

I 


t 


9< 


Annual 

2390 

2220 

3040 

3790 

3990 

3710 

3300 

3063 

2848 

3133 

3183 

3030 

2444 

2667 

3075 

2227 

2934 

3703 

3104 

3736 

3309 

4041 

'617 

2939 

3017 

43*2 

3696 

3841 

3516 

2732 


Figure  779  Monthly  dischorge,  Efwho  River  of  McDonald  Bridge  Figure  700  Monthly  discharge,  Dungeness  River  near  Seqium 

near  Port  Angeles 


Per '00  1929-1958 
"1970  Condition* 
Dro>nag«  ar«a  66JK  tq  mi 


Annual  Mean  Discharge,  c f s 
Maximum  months  8&0  - 

Manmum  year  537 

20  percent  of  time  523  - 

Mean  months  392 

80  percent  of  time  250 

Minimum  year  217 

Minimum  months  150 


_ _ Annual  Mean  Discharge,  c f s 

Period  1929-1958 

”1970  Condition*  Manmum  months  1,124  - 

Drainage  area  572  sq  mi  Manmum  year  688 

20  percent  of  time  663  - 

Mean  months  487 

— — 80  percent  of  time  299  - 

Minimum  year  256 

___ Minimum  months  151  - 


Figure  7§l  Monthly  dischorge,  Duekobuth  River  near  Brin  non 


Figure  712 


Monthly  dischorge,  N F Skokomish  River  below 
Staircase  Rapids  near  Moodsport 


I 


Period  1929-1958 
■ 1970  Conditions 
Dramoge  area  292  sq  i 

— I — I — I — f- 


Annual  Mean  Discharge,  c t % 
Maximum  months  2,948 

Manmum  year  2,092 

20  percent  of  time  1,820  - 

Moan  months  1,385 

- 80  percent  of  time  922 

Minimum  ytor  803 

4-  Minimum  months  476 


Mi 

i — H — 


0 N D J 


Period  1929  - 1958  !Af,nu0'  M,0ft  O,#ch0,«#'  «*• 
‘1970  Conditions  iMoximum  months  1.704 

Drainage  area  216  sq  mi  [ Manmum  yeor 

J 1 j- — -j |-20  percent  of  time 

f — | j—  80  percent  of  time 

I Minimum  year 

I ♦ Minimum  months 


Figure  783  Monthly  discharge,  Nisqually  River  at  LoGronde 


Figure  784  Monthly  discharge,  Green  River  at  Greenwater 


Annual  Mean  Discharge,  c f s 


Period  1929-1958 

-1970  Conditions  Maximum  months 

Drainage  area  948  sq  mi  Maximum  year 

20  percent  of  time 
Mean  months 
80  percent  of  time 
Minimum  yeor 
Minimum  months 


Period  1929-1958 
"1970  Conditions 
Drainage  area  399  sq  mi 


I—UMW 

■mm 


Annual  Meon  Discharge,  c f s 
Maximum  months  3,050  - 

Maximum  year  1,875 

20  percent  of  time  1,662 

Meon  months  I,  306 

80  percent  of  time  790 

Minimum  year  662 

Minimum  months  384 


Figure  785  Monthly  discharge,  Puyallup  River  at  Puyallup 


Figure  788  Monthly  discharge,  Green  River  neor  Auburn 


t 


MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND  5 MEAN  Dl SCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


mean  discharge,  thousano  cubic  feet  per  second  5 mean  discharge,  thousano  cubic  feet  per  second 


791  Monthly  discharge,  Skagit  River  near  Hope,  B C 


Figure  792  Monthly  discharge,  Skagit  River  at  Newhalem 


— 1 — 1 — 1 — 1 — 

Period  1929-1958 
"1970  Condition* 

Oromoge  area. 2, 737  sq  mi. 


o 40 

< 


z 

o 

<n 

- 20 


•Maximum  month* 
Maximum  year 
•20  percent  of  time 
Mean  month* 

80  percent  of  time 
Minimum  year 
Minimum  months 


* i , uy* 


< 

UJ 
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Flguf*  7*3  Monthly  Oltehorga,  Souk  Rlvar  noor  Souk 


Figur*  794  Monthly  diiehargo,  Skagit  Rivor  naor  Conor*!, 
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RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

F» gure  799  Frequency  curves, NF  Skokomish  River  below  Stoircose  Rapids  near  Hoodsport  Figure  800  Frequency  curves,  Nisqually  River  at  LoGrande 


RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  803  Frequency  curves,  Green  River  near  Auburn  Figure  804  Frequency  curves.S  F Skykomish  River  near  Index 
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RECURRENCE  INTERVAL,  YEARS  RECURRENCE  INTERVAL,  YEARS 

Figure  S 1 1 Frequency  curves,  Skagit  River  near  Concrete  Figure  812  Frequency  curves,  Nooksack  River  ot  Deming 


i 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  6*3  Deration  curvet,  Elwha  River  ot  McDonald  Bridge  Figure  814  Duration  curvet,  Dungeness  River  near  Seqium 

near  Port  Angeles 


PERCENT  OF  TIME  EQUALED  OR  EXCEEDED  PERCENT  OF  TIME  EQUALED  OR  EXCEEDED 


Figure  817  Duration  curves,  Nisqually  River  at  LaGrande  Figure  818  Duration  curves.  White  River  at  Greenwater 


o to  20  so  eo  so  so  ro  eo  90  IOO 


PERCENT  OP  TIME  EQUALEO  OR  EXCEEDED 


Figaro  829  Duration  eurvoa,  Nooksack  River  at  Deming 


Figure  845  Frequency  cur*#  of  onnuol  peak  flow*,  Skogit  Riv#r  neor  Concrete  Figure  846  Frequency  cur**  of  annuol  peak  flow*,  Nooksock  River  ot  Doming 
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Table  4S7.  Dependable  Yield,  Nisqually  River  Table  458.  Dependable  Yield,  White  River 

at  La  Grande,  Wash.  at  Greenwater,  Wash. 
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Table  465.  Dependable  Yield,  Skagit  River  Table  466.  Dependable  Yield,  Skagit  River 
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FIGURE  847.  Long-term  variation  in  precipitation  and  streamflow. 


RIVER  MILE 


FIGURE  849.  Time  of  travel,  St illaguaraish  and  Nooksack  Rivers 
FIGURE  848.  Time  of  travel.  Green  and  Snoqualmie  Rivers,  for  seiecte(j  discharges  at  index  gaging  stations  or  points, 

for  selected  discharges  at  index  stations. 
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FIGURb  850.  Profile  of  Duckabush  River. 
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MlillRI-  852.  Profile  of  SkaRlt  River  above  baker  River. 


Quality 

The  quality  of  water  in  Subregion  11  is  generally  good. 
Detailed  data  for  the  subregion  are  presented  on  the  following 
pages. 

Chemical 

Most  of  the  streams  in  the  Puget  Sound  Subregion  originate 
in  the  high  elevations  of  the  Cascade  Range  or  Olympic  Mountains 
and  flow  over  relatively  insoluble  materials.  Rainfall  is  profuse 
and  runoff  is  generally  rapid.  The  above  conditions  result  in 
waters  of  low  dissolved-solids  content  which  average  less  than 
75  mg/1  except  in  the  lower  reaches,  as  shown  in  figure  853. 

The  major  dissolved  ions  in  the  water  are  calcium, 
bicarbonate,  and  silica.  With  the  exception  of  the  lower  reaches 
of  the  Duwamish  River  and  the  streams  below  Lakes  Washington  and 
Sammamish,  the  surface  waters  of  the  basin  are  soft.  Hardness  of 
water  averages  40  mg/1  or  less.  The  maximum  hardnfess  is  generally 
less  than  60  mg/1. 
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There  is  some  downstream  increase  in  mineralization  of 
the  surface  water  in  the  basin.  The  increase  is  significant  only 
in  the  lower  reaches  of  the  Duwamish  River  and  in  streams  in  the 
Seattle-Tacoma  area.  Data  from  the  Duwamish  River  at  Tukwila 
indicate  considerable  variation  in  the  chemical  quality  of  the 
river  in  this  reach.  The  major  causes  of  this  variation  are  the 
influence  of  salt  water  from  Puget  Sound  and  the  discharge  of  sewage 
and  industrial  wastes. 

During  low-flow  periods  the  mineral  content  of  the  surface 
waters  usually  increases  because  the  more  mineralized  ground  water 
makes  up  a larger  percentage  of  the  total  flow.  During  high-flow 
periods  dilute  surface  runoff  is  the  larger  contributor  to  stream- 
flow;  consequently,  mineral  content  is  generally  less  than  50  mg/1. 
In  dilute  surface  waters  the  difference  in  mineral  content  between 
high-  and  low-flow  periods  can  be  fairly  large.  The  minimum 
dissolved-solids  content  of  the  major  streams  in  the  Puget  Sound 
Subregion  averages  about  60  percent  of  the  maximum.  This  differ- 
ence is  not  of  great  significance  to  the  water  user  because  the 
maximum  dissolved-solids  content  is  low,  usually  less  than  100  mg/1. 

In  general,  the  surface  waters  of  the  Puget  Sound  Subregion 
are  suitable  for  most  uses.  Industrial  users  who  require  very  low 
silica  content  would  have  to  treat  most  water  in  the  basin.  Pol- 
lution from  domestic  and  industrial  sources  in  the  Seattle-Tacoma 
area  has  deteriorated  the  quality  of  surface  waters  and  rendered 
them  less  suitable  for  many  uses  without  considerable  treatment. 


Biological- Biochemical 


Dissolved-oxygen  concentration  levels  are  at  or  near  the 
saturation  level  (80  percent  saturation)  in  nearly  all  fresh  and 
marine  waters  of  Puget  Sound.  A few  bays  and  lower  river  reaches 
are  subjected  to  the  discharge  of  large  quantities  of  partially 
treated  or  untreated  wastes,  with  depressed  oxygen  levels  being 
one  of  the  resulting  effects.  These  areas  are  located  primarily 
on  the  lowlands  along  eastern  Puget  Sound,  where  a sizable 
megalopolis  is  in  the  first  evolving  stages. 


The  estuarial  reach  of  the  Duwamish  River  has  low  dissolved- 
oxygen  levels  during  the  late  summer  and  early  fall.  Bottom 
dissolved  oxygen  concentrations  have  ranged  between  3 and  4 mg/1, 
with  the  minimum  dropping  below  2 mg/1.  Surface  concentrations 
during  this  period  range  between  5 and  6 mg/1.  During  this  low- 
flow  period,  tides  are  the  predominate  factor  affecting  changes 
in  dissolved  oxygen.  Minor  increases  in  fresh-water  flows  are  of 
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little  value  in  raising  oxygen  levels  through  the  depressed  reach. 
In  South  Tacoma,  Flett  Creek  has  exhibited  dissolved-oxygen  levels 
as  low  as  4.5  mg/1  during  the  fall. 

Bottom  dissolved-oxygen  concentrations  approaching  0.0  mg/1 
in  Lake  Union  result  from  solids  deposited  during  past  heavy 
industrial  waste  loadings. 

Bellingham,  Everett,  and  Port  Angeles  harbors  periodically 
exhibit  low  concentrations  of  dissolved  oxygen.  All  receive  mas- 
sive loadings  of  ir  lustrial  wastes  as  well  as  municipal  wastes. 
Bellingham  harbor  sometimes  has  dissolved-oxygen  levels  as  low  as 
4 or  5 mg/1.  Zero  dissolved  oxygen  occasionally  occurs  in  some 
places  in  Everett  harbor.  Port  Angeles  harbor  surface  waters 
periodically  have  dissolved-oxygen  levels  of  less  than  5 mg/1. 

Bacteriological  quality,  although  variable,  generally 
reflects  the  density  of  urban  or  agricultural  buildup.  High 
densities  of  total  coliform  organisms  occur  in  the  same  areas  as 
low  dissolved  oxygen,  as  well  as  in  a few  other  areas.  Outside 
the  developed  lowlands  along  eastern  Puget  Sound  and  at  Port 
Angeles  harbor,  the  streams  and  the  sound  receive  little  waste  and 
are  mostly  of  excellent  bacteriological  quality. 


Table  470  - Coliform  Organisms  Densities 


Most 

Probable 

Number/ 100 

ml 

Location 

Min. 

Max. 

Median 

No. 

Nooksack  River  near  Femdale 

36 

24,000 

930 

53 

Skagit  River  near  Mt.  Vernon 

0 

24,000 

430 

80 

Snohomish  River  at  Snohomish 

23 

24,000 

930 

52 

Sammamish  River  at  Bothell 

91 

11,000 

930 

51 

Issaquah  Creek  near  Issaquah 

1,500 

24,000 

11,000 

5 

Duwamish  River  at  Tukwila 

230 

240,000 

4,600 

42 

Boise  Creek  near  Buckley 

1,500 

240,000 

6,100 

8 

Puyallup  River  near  Puyallup 

0 

24,000 

4,600 

31 

Flett  Creek  near  Tacoma 

91 

24,000 

2,400 

36 

Leach  Creek  near  Steilacoom 

0 

11,000 

430 

36 

As  indicated  in  table  470,  high  coliform  densities  periodi- 
cally occur  in  the  Nooksack  River  near  Ferndale  just  upstream  from 
Bellingham  harbor;  Skagit  River  near  Mount  Vernon;  Snohomish  River 
at  Snohomish,  near  Everett;  Sammamish  River,  Issaquah  Creek,  and 
Duwamish  River,  all  near  Seattle;  Boise  Creek  near  Buckley;  and 
Puyallup  River  and  Flett  and  Leach  Creeks  near  Tacoma.  High 
densities  also  occur  in  Port  Angeles  harbor.  Most  high  coliform 
densities  result  from  loadings  by  untreated  or  inadequately  treated 
municipal  wastes.  In  some  rural  areas,  occasional  high-coliform 
densities  occur  from  runoff  from  dairy  farms. 


Sediment 


A few  data  on  suspended-sediment  concentration  were  collected 
in  the  Puget  Sound  Subregion  in  1911.  Since  1950,  considerable  data 
have  been  obtained  for  many  streams;  however,  most  of  the  data 
collected  between  1950  and  1961  are  unpublished.  The  highest 
concentrations  observed  occurred  in  recent  years,  mostly  since  1962, 
and  some  of  the  data  are  shown  on  figure  854.  The  extreme  value  of 
65,700  mg/1  on  White  River  near  Greenwater  was  observed  on  October  2, 
1964,  during  a medium  high-water  discharge  about  3 miles  downstream 
from  the  terminus  of  Emmons  Glacier. 

Sediment  yield  ranges  from  0.1  to  0.5  acre-feet  per  square 
mile  per  year  (30);  only  about  3 percent  of  the  region  has  a yield 
greater  than  0.2  acre- foot  per  square  mile  per  year,  (figure  854) 

The  few  higher  yields  are  generally  associated  with  glacial  erosion. 
Most  of  the  sediment  probably  results  from  sheet  erosion  on  the 
mountainous  watersheds.  The  most  damaging  type  of  sediment,  how- 
ever, apparently  results  from  scour  in  mountain  channels  and  in 
bank  erosion  in  alluvial  reaches  of  the  larger  streams.  Scour  in 
mountain  channels  is  often  associated  with  logging  practices  or 
construction  work  near  streams  that  leave  debris  in  the  vicinity 
of  and  across  stream  channels.  During  flood  runoff  this  debris 
temporarily  dams  the  flow,  and  sudden  failure  of  such  a dam  causes 
abnormally  high  surges  of  water  that  undermine  side  slopes  and 
degrade  the  channel,  sometimes  to  bedrock.  The  material  scoured  is 
predominantly  coarse.  (30-AV3) 


Water  Temperature 

Water- temperature  data  have  not  been  collected  at  enough 
sites  in  Subregion  11  to  develop  temperature  profiles  through  the 
length  of  the  main  streams.  Data  are  collected  regularly  at  only 
one  of  the  stations  selected  for  detailed  analysis,  Green  River 
near  Auburn.  Temperature  data  for  Green  River 
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and  for  two  other  streams  in  the  subregion,  South  Fork  Skokomish 
River  near  Potlatch  and  Skagit  River  near  Mount  Vernon,  where  data 
have  been  collected  for  several  years,  are  shown  on  figure  855. 

The  longer  the  record  the  greater  the  spread  between  maximum  and 
minimum  water  temperatures;  however,  the  means  shown  are  fairly 
representative  of  the  long-term  means.  The  monthly  mean  water 
temperatures  for  1963  also  are  fairly  representative  of  the  long- 
term means . 

During  the  14  years  to  1966  that  water  temperatures  have 
been  obtained  on  Green  River  at  Auburn,  the  mean  for  July  ranged 
between  58°  and  62°F.  The  maximum  July  water  temperatures  ranged 
from  62°  to  75°F.,  the  minimum  from  53°  to  56°F. 


GROUND  WATER 

The  alluvial  and  glaciofluvial  deposits  that  blanket  the 
Puget  Sound  lowland  and  cover  the  floors  of  valleys  in  the  foot- 
hills constitute  the  most  important  aquifers  in  the  Puget  Sound 
area.  Moderate  to  large  yields  of  water  of  good  to  excellent 
quality  are  obtained  at  many  places,  and  the  deposits  are  capable 
of  sustaining  a much  larger  development.  In  this  report  those 
deposits  are  considered  to  form  a single  aquifer  unit.  Other 
aquifer  units  are  important  as  sources  of  supply  locally,  or  are 
important  in  the  streaaflow  regimen. 


FIGURF  8SS.  Monthly  water  temperature*  for  aeleded  star  Iona.  Top,  middle  and 
bottoai  bare  repreaent  maximum,  mean  and  minimum,  reaped  ively . 
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There  are  a number  of  published  reports  describing  aquifers 
and  ground-water  occurrence  in  various  parts  of  the  Puget  Sound 
lowland  in  some  detail  (36,  39,  67,  90,  96,  102,  104,  105,  139, 
140,  189,  197,  198). 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Five  aquifer  units  have  been  delineated  in  Subregion  11  but 
only  one  (Qg)  is  capable  of  yielding  large  supplies  of  ground  water. 
Areal  distribution  of  the  aquifer  units  is  shown  on  the  map, 
figure  856,  which  is  based  on  the  Geologic  Map  of  Washington  (54). 

Geologically  young  alluvial  and  glacial  deposits  (Qg)  form 
a deep  fill  throughout  most  of  the  lowland.  These  deposits  include 
more  than  a dozen  formations  and  aquifers  that  have  been  described 
in  the  various  reports  referenced  above.  They  can  be  separated 
into  four  categories:  (1)  alluvium  (post  glacial);  (2)  recessional 
outwash,  associated  with  the  most  recent  (Fraser)  glaciation; 

(3)  till,  associated  with  the  Fraser  glaciation;  and  (4)  glacial 
and  interglacial  sediments  deposited  prior  to  the  till.  Category 

(4)  includes  90  percent  or  more  of  the  basin  fill  at  most  places; 
categories  (1)  to  (3)  generally  form  only  the  uppermost  50  to  100 
feet.  At  many  places  wells  may  tap  any  or  all  of  these  units, 
therefore  it  did  not  seem  practicable  to  separate  the  four  categories 
in  this  report.  The  entire  basin  fill  of  Quaternary  age  is  con- 
sidered to  be  a single  aquifer  unit. 

Permeable  beds  of  sand  and  gravel  in  the  alluvial  and  glacial 
deposits  yield  large  supplies  of  ground  water  at  many  places. 

Thick  sections  of  till,  silt,  and  clay  also  occur  at  many  places 
and  these  materials  are  much  less  permeable.  The  largest  yields 
generally  are  from  sand  and  gravel  in  the  south  half  of  the  basin. 
Yields  of  more  than  6,000  gpm  (gallons  per  minute)  from  individual 
wells  have  been  recorded.  Some  of  the  most  productive  wells  are 
in  the  vicinity  of  Tacoma  and  southward  from  Tacoma. 

Glacial  till,  which  caps  or  underlies  many  of  the  upland 
surfaces,  is  relatively  impermeable  and  the  underlying  deposits 
locally  contain  thick  sections  of  silt,  clay,  or  older  till. 
Therefore,  at  some  places,  sand  and  gravel  strata  are  thin  and 
only  small  to  moderate  supplies  of  water  have  been  obtained.  In 
general,  there  are  thicker  sections  of  till,  clay,  and  silt  in  the 
northern  half  of  the  basin  than  in  the  southern  half. 

Young  volcanic  rocks  (Qv)  crop  out  in  small  areas  in 
unhabited  parts  of  the  high  Cascades.  They  undoubtedly  are  moder- 
ately porous  and  highly  permeable,  but  are  undeveloped.  Their 
chief  hydrologic  significance  is  in  supplying  a base  flow  to 
streams  draining  them. 
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The  older  volcanic  rocks  (Tv)  crop  out  chiefly  in  the  foot- 
hills and  mountains  and  generally  are  greatly  altered.  The  pores, 
joints,  and  other  fractures  also  are  commonly  filled  by  secondary 
minerals.  Unweathered  rock  is  exposed  in  canyons  and  on  other 
steep  slopes,  but  on  gentler  slopes  a thick  soil  and  subsoil  over- 
lie  the  parent  rock.  The  unweathered  rock  generally  has  a very  low 
porosity  and  permeability  but  the  leathered  mantle  is  considerably 
more  porous  and  permeable  and  will  generally  yield  small,  and 
locally  moderate  supplies,  to  springs  and  wells  in  the  foothills. 

The  consolidated  sedimentary  rocks  (Tos)  also  crop  out 
chiefly  in  the  foothills  and  mountains  and  have  low  porosity  and 
permeability.  The  weathered  zone  of  this  unit  probably  is  less 
productive  of  water  than  the  weathered  volcanic  rocks,  and  yields 
generally  are  small  to  very  small.  Moderately  to  highly  mineralized 
water  is  common  in  deep  wells  and  is  encountered  locally  in  wells 
less  than  100  feet  deep. 

Older  consolidated  and  crystalline  rocks  (pT)  form  the  core 
of  the  Olympic  Mountains,  the  Cascade  Range  north  of  Snoqualmie 
River,  and  most  of  the  San  Juan  Islands.  These  rocks  generally 
have  low  porosity  and  permeability  and  yield  only  small  supplies 
to  wells.  However,  a fairly  thick  zone  of  weathered  material  with 
talus,  landslide,  and  debris  detritus  forms  a shallow  ground-water 
reservoir  that  is  important  in  maintaining  the  base  flow  of  streams. 

The  descriptions  of  the  aquifer  units,  their  general  hydro- 
logic  characteristics,  and  the  general  quality  of  the  water  yielded 
by  them  are  given  in  table  471.  The  general  availability  of  ground 
water  is  shown  on  a map,  figure  857.  For  maximum  utility,  that  map 
and  the  aquifer  unit  map,  figure  856,  should  be  used  together. 

Generally,  the  yield  range  for  wells  finished  in  alluvial 
and  glaciofluvial  deposits  in  the  upper  reaches  of  streams  drain- 
ing the  Cascade  Range  has  been  shown,  on  figure  857,  as  "20  to  100 
gpm"  or  "unknown."  These  designations  were  based  on  small  amounts 
of  well  data  or  no  data.  At  many  places  the  deposits  are  very 
coarse  and,  if  even  a few  tens  of  feet  of  coarse  material  are 
saturated,  yields  of  several  hundred  to  a thousand  gallons  per 
minute  could  be  obtained  from  properly  constructed  wells. 
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Table  471.  Description  of  Aquifer  Units  and  Their  Hydrologic  Characteristics,  Subregion  11 
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Water  in  Storage 


A rough  estimate  of  the  quantity  of  water  stored,  in  a 
specified  depth  interval  below  the  water  table  in  each  aquifer 
unit,  is  given  in  table  472.  A depth  interval  of  50  feet  was 
used  for  computing  storage  for  all  aquifer  units. 


Table  472  - Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units,  Subregion  11 


Aquife 

Unit 

Area 

Storage 

Annual  Natural 
Recharge  and 
Discharge 

sr 

Sq .Mi . 

Acres 

(1000’s) 

Specific 

Yield 

(percent) 

Depth 

Interval 

Cft) 

Water 

(1000’s 

ac-ft) 

Inches 

Over 

Area 

(1000’s 

ac-ft) 

Qg 

5,460 

3,500 

20 

50 

35,000 

20 

5,700 

Qv 

225 

144 

5 

50 

360 

48 

575 

Tv 

2,025 

1,300 

2 

50 

1,300 

12 

1,300 

Tos 

260 

165 

2 

50 

165 

12 

165 

PT 

5,220 

3,340 

2 

50 

3,340 

12 

3,340 

Total 

(rounded) 

40,000 

11,000 

The  specific  yield  of  the  alluvial  and  glacial  deposits  (Qg) 
probably  ranges  from  a few  percent  for  clay  and  till  to  more  than 
30  percent  for  clean  well-sorted  sand  or  gravel.  The  average  is 
estimated  to  be  about  20  percent.  The  specific  yield  of  the  younger 
volcanic  rocks  (Qv)  in  Subregion  11  is  unknown.  However,  similar 
rocks  in  Idaho  have  specific  yields  of  about  5 percent,  and  possibly 
more,  so  that  value  was  used  for  these  volcanics  in  Subregion  11. 

The  older  volcanic  rocks  (Tv),  the  consolidated  sedimentary 
rocks  (Tos),  and  the  pre-Tertiary  rocks  (pT)  have  very  low  porosity 
and  specific  yield  where  they  are  not  weathered.  However,  the  zone 
of  weathering  on  gentler  slopes  usually  is  several  tens  of  feet 
thick  and  the  water  table  generally  is  in  this  zone.  The  specific 
yield  of  the  upper  part  of  the  weathered  zone  probably  is  as  much 
as  10  to  15  percent  at  places.  The  specific  yield  decreases 
greatly  with  increased  depth  and  generally  is  less  than  1 percent 
a few  feet  below  the  base  of  weathering.  The  value  of  2 percent 
assigned  thus  is  an  estimate  based  on  an  assumed  range  in  the  profile 
of  a maximum  of  10  percent  to  a minimum  of  less  than  1 percent. 
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It  is  estimated  that  35  million  acre-feet  of  water  are 
stored  in  the  first  50  feet  of  alluvial  and  glacial  material  (Qg) 
below  the  water  table.  Storage  in  the  upper  50  feet  of  saturated 
material  of  other  aquifer  units  is  estimated  to  be  about  5 million 
acre-feet . 


Natural  Recharge  and  Discharge 

Recharge  to  aquifers  in  Subregion  11  is  entirely  from  pre- 
cipitation. Recharge  to  the  alluvial  and  glaciofluvial  aquifer 
unit  (Qg)  is  generally  from  direct  precipitation;  however,  at  some 
places  streams  draining  upland  till  plains  are  influent  to  more 
permeable  aquifers  in  other  parts  of  their  courses.  The  consoli- 
dated rock  units.  Tv,  Tos,  and  pT  are  recharged  entirely  by  direct 
precipitation . 

During  the  low-rainfall  months  of  July  and  August  there  is 
very  little  recharge.  Generally,  the  moisture  from  all  but  the 
greatest  storms  during  that  period  is  absorbed  by  the  soil  zone 
and  is  evaporated  or  transpired  without  reaching  the  water  table. 
Water  levels  generally  begin  rising  during  the  period  September- 
November,  depending  on  the  prior  soil-moisture  depletion,  thickness 
of  the  soil,  depth  of  the  water  table  below  land  surface,  and  other 
factors.  Aquifers  at  many  places  in  Subregion  11  are  filled  during 
the  rainy  season  to  the  point  where  they  are  incapable  of  receiving 
and  containing  additional  recharge;  the  surplus  precipitation  be- 
comes "rejected  recharge."  Some  shallow  aquifers,  including  the 
near-surface  permeable  zones  of  the  consolidated  rocks,  fill  early 
in  the  winter  and  then  water  levels  rise  and  fall  with  each  storm. 
At  some  places  deeper  aquifers  in  the  alluvial  and  glaciofluvial 
deposits  never  completely  fill;  hence,  do  not  reject  recharge.  An 
examination  of  hydrographs  of  wells  suggests  that  average  annual 
recharge  to  the  alluvial  and  glaciofluvial  aquifers  may  be  on  the 
order  of  24  inches  of  water.  Hydrographs  of  a few  representative 
observation  wells  in  these  deposits  are  given  in  figure  858. 

In  contrast  to  recharge,  which  is  an  intermittent  process, 
natural  discharge  is  a continuous  process.  Maximum  discharge 
occurs  when  the  hydraulic  gradient  is  steepest,  and,  except  for 
short  periods,  mainly  in  areas  adjacent  to  flood  plains,  the 
gradient  is  steepest  when  the  water  table  is  highest.  Base  flow 
supplied  by  ground  water  to  streams  during  prolonged  dry  periods 
often  represents  minimum  ground-water  discharge. 

Stream-discharge  hydrographs  were  examined  for  separation 
-Of  the  ground-water  component  of  discharge  and  flow-duration 
curves  were  constructed  for  representative  streams,  as  described 
in  the  Regional  Summary,  to  determine  the  ground-water  component 
of  streamflow.  Generally,  the  ground-water  component  of  discharge 
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Whatcom  County;  Aquifer,  alluvial  send  (Qg);  well  depth  22  feet. 


appears  to  range  from  about  25  to  nearly  50  percent  of  the  annual 
discharge  of  the  stream,  and  represents  recharge  and  discharge  of 
a volume  equivalent  to  a range  of  18  to  more  than  30  inches  over 
the  area  each  year. 

Recharge  and  discharge  of  that  volume  of  water  from  the 
alluvial  and  glaciof luvial  deposits  correspond  with  other  data  and 
seem  reasonable.  Movement  of  such  volumes  of  water  through  other 
consolidated-rock  aquifers  is  less  easily  visualized.  Few  data 
are  available  on  depths  to  water  and  there  are  no  observation -we 11 
records  for  those  aquifers;  however,  it  is  obvious  that  most  of 
the  water  is  moving  through  the  moderately  permeable  and  porous 
surficial  weathered  zone  which  is  a few  tens  of  feet  thick. 

Because  most  of  the  area  underlain  by  these  aquifers  is  hilly  or 
mountainous  terrain  dissected  by  many  streams,  hydraulic  gradients 
are  steep.  The  length  of  stay  of  most  ground  water  in  these 
aquifers  is  short,  depletion  is  rapid,  and  long-term  storage  is 
small . 


In  addition  to  discharge  of  ground  water  from  streams  empty- 
ing into  Puget  Sound,  a large  but  unmeasured  amount  of  ground  water 
discharges  from  the  aquifers  directly  into  Puget  Sound.  Most  of 
this  direct  discharge  is  from  the  alluvial  and  glaciof luvial 
deposits. 

The  estimates  for  natural  recharge  and  discharge  are  given 
in  table  472  and  may  be  somewhat  conservative.  Total  annual  re- 
charge, according  to  the  table,  is  on  the  order  of  11  million  acre- 
feet  a year,  of  which  about  half  is  to  the  alluvial  and  glaciof luvial 
deposits , 


Annual  Pumped  Discharge 

Pumped  discharge  (table  473)  amounts  to  about  200  thousand 
acre-feet  a year  and  is  almost  entirely  from  the  alluvial  and 
glaciofluvial  aquifer  unit  (Qg) . 


Chemical  Quality  of  Water 

The  general  chemical  character  of  ground  water  from  each 
aquifer  unit  is  given  in  table  471.  The  usual  range  or  upper  limit 
of  dissolved  solids  and  hardness  of  water  generally  is  given  and 
any  known  detrimental  or  hazardous  elements  or  constituents  that 
would  affect  the  utility  of  the  water  for  domestic,  industrial,  or 
irrigation  use  is  also  given. 

The  water  throughout  Subregion  11  generally  has  a dissolved- 
solids  content  of  less  than  150  mg/1.  Silica  concentrations  are 
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Table  473  - Ground-Water  Withdrawal  and  Consumptive  Use 
Subregion  11,  1970 


Ac-£t  per  year;  all  quantities  in  thousands 


Irrigation 

Acres  irrigated  20 

Withdrawal  30 

Consumptive  use  20 

Industrial!/ 

Withdrawal  37 

Consumptive  use!'  1.8 

Public  Supplies 

Persons  served  470 

Withdrawal  . 100 

Consumptive  use-'  20 

Rural -Domestic 

Persons  served  275 

Withdrawal—'  31 

Consumptive  use!/  15:5 

Stock 

Withdrawn  and  used!/  4.6 

Total  withdrawal  (rounded)  200 

Total  consumptive  use  (rounded)  60 


1/  Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 

3/  Assumed  to  be  20  percent  of  gross  withdrawal. 

4/  Estimated  to  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 

6/  Assumed  that  all  water  withdrawn  is  consumed. 
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generally  in  the  range  from  20  to  60  mg/1,  and  the  water  is  soft 
to  moderately  hard.  Excessive  iron  probably  causes  more  problems 
than  any  other  constituent  or  characteristic.  Temperatures 
generally  range  from  about  48°  to  55°F. 


Chemical  analysis  of  ground  water  and  a discussion  of 
ground-water  quality  are  included  in  most  of  the  areal  reports 
listed  earlier.  Most  of  those  analyses  and  additional  ones  are 
included  in  a report  by  Van  Denburgh  and  Santos  (175) . 


Present  Use  and  Future  Availability 

Estimates  of  present  use  of  ground  water  are  based  on  data 
for  1965  to  1967,  projected  to  1970.  Projection  of  public,  domes- 
tic, and  industrial  use  is  on  the  basis  of  estimated  population 
growth.  Irrigation  use  was  projected  on  the  basis  of  past  rates 
of  increase,  modified  for  special  situations.  Ground-water  with- 
drawal and  the  amount  used  consumptively  are  given  in  table  473. 
Annual  ground-water  withdrawal  and  annual  consumptive  use  of  ground 
water  in  Subregion  11  are  estimated  to  be  about  200  thousand  and 
60  thousand  acre-feet  respectively. 

Generally,  in  most  areas  where  significant  amounts  of 
ground  water  are  withdrawn,  a large  part  of  the  water  not  used 
consumptively  returns  to  the  ground.  However,  in  Subregion  11 
some  municipalities  and  industries  discharge  their  wastes  directly 
into  Puget  Sound.  Consequently,  where  the  source  is  ground  water, 
depletion  of  the  ground-water  supply  is  considerably  greater  than 
consumptive  use.  Depletion  by  irrigation  and  domestic  use  in  Sub- 
region  11  probably  is  about  equal  to  consumptive  use.  Average 
annual  depletions  of  ground  water  in  Subregion  11  are  estimated  to 
be  about  140  thousand  acre-feet.  Nearly  all  withdrawals  and 
depletions  are  from  the  Quaternary  alluvial  and  glaciof luvial 
deposits  (Qg) . 

Average  annual  recharge  to  the  alluvium  is  estimated  to  be 
about  6.0  million  acre-feet.  The  depletion  by  pumping,  therefore, 
is  only  about  2 percent  of  average  annual  recharge.  It  is  obvious 
that  withdrawals  could  be  increased  severalfold  without  causing 
general  depletion  of  the  aquifer  unit.  However,  local  over- 
development has  been  reported,  and  in  a few  small  areas  salt  water 
has  entered  wells  drilled  near  the  shore  of  Puget  Sound. 

Only  a small  percentage  of  the  wells  drilled  in  consolidated 
rock  aquifers  (Tv,  Tos,  pT)  yield  more  than  20  gpm;  perhaps  10  per- 
cent yield  more  than  this  and  10  percent  less  than  1 gpm.  Larger 
supplies  of  ground  water  generally  can  be  developed  only  from  the 
alluvial  and  glacial  deposits.  At  many  places  much  larger  yields 
could  be  developed  from  these  deposits  than  generally  are  obtained. 
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Where  sand  and  gravel  strata  are  thin,  use  of  multiple-screen 
sections  or  gravel-walled  wells  may  result  in  larger  yields.  In 
some  upland  areas,  thick  sections  of  till  and  clay  are  overlain 
by  thin  outwash  sand  and  gravels.  Many  of  these  outwash  deposits 
contain  permanent  perched  ground  water  that  might  be  developed  by 
large-diameter  shallow  wells  or  infiltration  trenches.  Alluvial 
deposits  occur  along  most  stream  courses,  generally  extending  far 
upvalley  into  the  mountains.  Large-diameter  shallow  wells  and  in- 
filtration trenches  could  be  used  to  develop  ground-water  supplies 
in  these  areas  also. 


Artificial  Recharge 

Water  pumped  from  wells  and  used  in  heat-exchange  or  air- 
conditioning  installations  is  returned  to  the  aquifer  through 
recharge  wells  at  several  places  in  Subregion  11.  Recharge  of  this 
type  has  been  reported  at  Tacoma,  Everett,  and  Snohomish.  (125) 

So  far  as  is  known,  there  is  no  true  artificial  recharge  in  the 
sense  of  planned  addition  of  water  to  an  aquifer  for  the  purpose 
of  augmenting  ground-water  supplies. 

The  sand  and  gravel  deposits  at  many  places  afford  excellent 
opportunities  for  artificial  recharge.  However,  ground  water  is  a 
transient  resource;  artificial  recharge  would  raise  the  water  table, 
increase  the  hydraulic  gradient,  and  result  in  increased  discharge. 
The  present  natural  annual  recharge  and  discharge  are  many  times 
the  pumped  withdrawal  and,  as  was  pointed  out  previously,  much 
natural  recharge  is  rejected  in  the  late  winter  and  spring.  Arti- 
ficial recharge  under  present  conditions  would  not  increase  the 
available  water  supply  except,  perhaps,  locally. 


Water  Rights 

A total  of  2,575  ground-water  right-appropriation  and 
declaration  records  in  permit  and  certificate  stages  were  on  file 
with  the  Washington  State  Department  of  Water  Resources  for  the 
Puget  Sound  Subregion  as  of  April  30,  1967.  Prime  rights  in  this 
area  allow  summer-period  withdrawals  totaling  647,940  gpm  (1,440 
cfs).  Nearly  all  of  this  quantity,  645,690  gpm,  has  a consumptive 
effect  on  the  resource.  The  remainder,  2,250  gpm  used  in  the 
operation  of  heat  pumps,  is  considered  to  have  a partially 
consumptive  effect. 

In  addition,  a total  of  27,428  gpm  has  been  allocated  under 
appropriate  rights  that  can  be  classified  as  supplemental. 


Prime  ground-water  rights  are  listed  in  table  474, 
according  to  Water  Resource  Inventory  Areas  as  defined  by  the 
State  of  Washington  Department  of  Water  Resources  and  shown  on 
figure  776.  More  detailed  information  about  specific  rights  can 
be  obtained  from  the  Department  of  Water  Resources . 


Basin 
No.  j/ 


01 

02 

03,04 

05 

06 

07 

08 
09 

10,12 

11 

13 

14 

15 

16 

17 

18 

TOTAL 


Table  474  Ground- Water  Rights  in  the  Puget  Sound  subregion,  1967 


Individual  Industrial 
and  Coawinity  and  fish 


River  Basin 

Municipal 

Irrigation 

Domestic 

i oamercial 

Propagation 

Stock 

Total  2/ 

(Gal  i 

Ions  per  Minute) 

Nook  sack 

7.S70 

81.635 

8,669 

l ,670 

20 

1.702 

93,600 

San  Juan 

272 

1,137 

208 

234 

1,192 

Skagit 

16.925 

33,108 

8,348 

3,750 

839 

59,317 

St  l llaguaaith 

S.SSO 

8,266 

645 

5,00 0 

20 

17.116 

Whidbev 

890 

4.564 

9, ’04 

1.043 

930 

13,654 

Snohoaish 

5.902 

13,122 

9,401 

3,522 

80 

1.201 

33.280 

Cedar- Sammamish 

12,360 

12,324 

S’, 528 

12,291 

225 

548 

56,932 

Green- Duwaaish 

2.897 

8.104 

30,568 

l .695 

1,124 

41,338 

Puyal lup 

82,365 

25,304 

70.S80 

46.676 

605 

3,094 

199 , 216.1 

Nisqual ly 

1,440 

17.026 

10,029 

2,625 

275 

2.550 

24,542 

Deschutes 

6,670 

13.476 

13,646 

7.438 

1 .090 

34 , B’8 

Shelton 

4.200 

2,312 

9,138 

12,545 

10 

1,007 

26,358 

Kitsap 

4.082 

3.996 

16,205 

3,612 

417 

64 

25,858 

t.  Olympic  Nts. 

SO 

1.362 

1 , 362 

N 1.  Olympic  Pen. 

2.;so 

2,114 

1.519 

1,1)0 

S , 798 

Port  Angeles  Area 

718 

-Ik.?” 

6,042 

21 

438 

13.350 

153,819 

232.954 

234,522 

102.246 

2,762 

14.821 

64 '.940 

1/ 

7/ 

V 


■star  resource  inventory  area  nuaber  as  shown  in  figure  ‘’76 
The  total  priae  rights  do  not  agree  with  the  Mas  of  the  uses 
listed  and  (2)  water  right  (Quantities  that  are  uaaon  to  two 
Appro* inately  10  penent  of  the  developed  ground  water  under 
Puyallup  River  Basin- Tacoma  area 


because  f I ) only  the  most  important  or  largest  uses  are 
or  more  uses  arc  listed  under  each  applicable  use. 
recorded  rights  in  the  Puget  Sound  Subregion  is  in  the 


RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

In  subregion  11,  streams  draining  the  mountains  derive 
about  one-fourth  to  one-third  of  their  annual  discharge  from 
ground  water.  The  ratio  of  ground  water  to  surface  water  generally 
ranges  from  a few  percent  during  periods  of  high  flow  to  100  per- 
cent during  low-flow  periods.  During  a 120-day  depletion  (no 
recharge  during  the  period)  ground-water  discharge  declines  to  12 
to  15  percent  of  the  discharge  at  the  beginning  of  the  period, 
indicating  that  in  the  mountains  most  of  the  ground  water  is  in 
shallow,  short-term  storage.  Ground-water  discharge  generally  is 
greatest  during  the  wet  winter  and  spring  months  even  though  the 
percentage  of  ground  water  in  the  total  discharge  is  lower.  How- 
ever, during  infrequent  periods  of  dry  weather  in  these  seasons, 
ground  water  may  supply  most  of  the  streamflow  for  short  periods. 
Bank  storage  probably  is  important  along  the  mainstem  of  a river 
during  major  floods,  but  is  a minor  factor  in  the  smaller  tribu- 
taries. Even  during  majoT  floods  ground  water  probably  is  being 
added  to  the  system  by  discharge  into  the  hundreds  of  smaller 
streams  that  combine  to  form  a major  river.  Hydrographs  showing 
low-flow  characteristics  of  selected  streams  are  shown  in 
figure  859. 


» 
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Ground-water  surface-water  relations  are  more  complex  for 
streams  draining  areas  at  lower  altitudes  that  are  underlain  by 
alluvial  and  glaciof luvial  deposits.  Most  of  the  Puget  Sound  Basin 
consists  of  a gently  rolling  upland  100  to  a few  hundred  feet  above 
sea  level,  segmented  by  major  streams  flowing  into  Puget  Sound. 

The  stream  valleys  generally  are  only  a few  to  a few  tens  of  feet 
above  sea  level.  The  regional  water  table  beneath  some  of  the 
upland-bench  segments  is  100  to  200  feet  below  land  surface.  In 
general,  wherever  the  regional  water  table  is  deep,  there  are  one 
or  more  perched  aquifers  above  the  regional  water  table,  and  some 
of  these  are  permanent  major  aquifers. 

A stream  draining  one  of  the  upland  segments  may  gain  water 
from  a perched  aquifer  in  one  reach  and  lose  it  to  the  regional 
aquifer  in  another.  At  some  places,  streams  gain  from  perched 
aquifers  and  lose  to  regional  aquifers  at  the  same  place.  During 
wet  periods  at  some  places,  the  water  table  is  high  enough  to  dis- 
charge temporarily  into  certain  small  streams  that  later  become  dry 
as  the  water  level  drops  below  the  beds  of  the  streams.  Generally, 
where  lowland  streams  are  low  enough  to  be  perennial  drains  for 
1 ground  water,  the  average  annual  discharge  of  ground  water  to  these 
streams  is  on  the  order  of  1 to  1.5  cfsm  (cubic  feet  per  second  per 
square  mile);  on  the  order  of  1.5  acre-feet  per  acre  each  year. 
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SUBREGION  12,  OREGON  CLOSED  BASIN 


HYDROLOGIC  FRAMEWORK 

The  Oregon  Closed  Basin  Subregion  lies  wholly  within  the 
State  of  Oregon  and  includes  the  southern  part  of  the  high  central 
Oregon  plateau.  The  subregion  borders  the  northwest  edge  of  the 
Great  Basin  and  is  enclosed  by  the  Ochoco  Mountains  to  the  north, 
the  Steens  Mountains  to  the  east,  the  Calico  and  Black  Ranges  to 
the  southeast,  the  Warner  Mountains  to  the  south,  and  the  Fremont 
Mountains  to  the  west.  There  is  no  drainage  to  the  sea.  Streams 
drain  into  brackish  landlocked  lakes  which  lie  between  elevation 
4,000  and  4,500  feet.  The  area  covers  17,904  square  miles,  of 
which  about  99  square  miles  are  water  and  17,805  square  miles  are 
land.  The  area  represents  about  6.5  percent  of  the  total  area  of 
the  region.  Physiographic  features  of  the  subregion  are  shown  on 
figure  1. 

About  60  percent  of  the  subregion,  most  of  which  is  in  the 
southern  part,  is  characterized  by  its  high  basin  and  range  topo- 
graphy with  faults  trending  northeast  and  southwest.  Young  fault 
block  mountains  are  separated  by  broad  valleys  containing  alkaline 
lakes  that  are  remnants  of  once  much  larger  Quaternary  lakes. 
Tertiary  lava  flows  interbedded  with  pyroclastics  underlie  most 
of  this  area. 

Bordering  the  basin  and  range  area  on  the  north  is  an 
east-west  band  20  to  50  miles  wide  of  high  lava  plains,  a young, 
uneroded  surface  formed  by  a thick  accumulation  of  predominantly 
Pliocene  lava  flows.  The  extreme  northeast  section  of  the  sub- 
region  is  mountainous  terrain  underlain  by  pre-Tertiary  sedimentary 
and  volcanic  rocks  of  the  Blue  Mountains. 

Soils  over  broad  areas  consist  of  loose,  porous  materials, 
largely  of  volcanic  origin,  which,  in  general,  are  shallow  and 
support  only  sparse  vegetation.  The  recent  alluvial  fans  and  flood 
plains  originated  from  uplands  and  are  composed  mainly  of  volcanics 
and  other  sediments.  Where  water  is  available,  these  soils  are 
used  as  cropland.  However,  in  some  of  the  lower  lying  areas  near 
the  lakes  where  seasonal  water  table  fluctuations  occur,  the 
alluvial  and  lacustrine  material  is  alkaline  to  strongly  alkaline. 
Soils  in  the  mountainous  areas  were  developed  from  volcanic  and 
old  sedimentary  rocks.  The  deeper  and  better  soils  support  forests 
in  those  areas  tfhere  there  is  adequate  precipitation. 
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Annual  runoff  generated  within  the  subregion  averaged 
about  1.25  inches  or  1,650  cfs  for  the  period  1929  to  1958.  A 
large  percentage  of  the  runoff  occurs  in  the  spring  from  snowmelt, 
with  winter  runoff  from  rainfall  accounting  for  a much  smaller 
portion.  Summer  flow  in  some  of  the  major  streams  is  steady  due 
to  the  presence  of  springs . 

Most  perennial  streams  head  in  the  mountains  on  the  eastern 
and  western  borders  of  the  subregion.  These  streams  for  the  most 
part  drain  areas  of  less  than  1,000  square  miles  each.  Runoff 
enters  shallow,  landlocked  lakes  and  is  dissipated  by  evaporation. 
Because  of  evaporation  and  with  the  absence  of  external  drainage, 
the  lakes  contain  water  of  high  mineral  content.  Some  of  the  lakes, 
such  as  Malheur  Lake  and  the  upper  lakes  in  Warner  Valley,  fill  and 
spill  into  creeks  or  other  lakes.  These  lakes  are  not  as  saline  as 
those  having  no  overflow,  such  as  Abert,  Alkali,  Christmas,  and 
Harney  Lakes. 

Much  of  the  interior  of  the  subregion  has  no  perennial 
streams.  Runoff  from  this  area  collects  in  intermittent  lakes  and 
either  recharges  ground  water  or  evaporates. 

The  native  cover  is  dominated  by  sagebrush,  native  grasses, 
and  desert  shrubs,  which  cover  broad  areas  of  the  interior. 

Pondweed,  tules,  and  other  plants  grow  profusely  and  provide  good 
feeding  and  resting  areas  for  wildfowl  in  the  less  saline  lakes 
and  inflow  areas  to  the  lakes. 

The  forests  are  almost  exclusively  softwoods  with  small 
stringers  of  hardwoods  in  the  valleys.  The  forest  zone  begins 
about  5,500  feet  above  sea  level.  Tree  growth  is  limited  by  low 
moisture  at  low  elevations.  In  the  northern  part  of  the  subregion 
a belt  of  western  juniper  usually  occurs  between  commercial  forest 
land  and  the  grass-shrub  lands.  Ponderosa  pine  dominates  much  of 
the  forested  area  and  often  occurs  in  pure  stands  at  lower  eleva- 
tions. As  elevation  increases  and  moisture  conditions  become  more 
favorable,  such  species  as  Douglas-fir,  white  fir,  alpine  fir, 
lodgepole  pine,  and  Engleman  spruce  occur.  Extensive  pure  stands 
of  lodgepole  pine  are  often  found  at  higher  elevations  in  areas 
where  fire,  insects,  or  disease  removed  the  original  stands.  Areas 
of  grassland,  occasionally  exceeding  1,000  acres,  are  intermingled 
in  the  forest  land  zone. 

The  subregion  is  sparsely  populated.  Of  the  13,300  people 
in  the  area  in  1965,  about  5,300  lived  in  the  Bums-Hines  area  of 
north-central  Harney  County. 
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CLIMATE 


The  Oregon  Closed  Basin  has  a semiarid  climate,  with  long, 
rather  severe  winters  and  short  summers  with  many  clear  days.  Night 
temperatures  are  relatively  cool  throughout  the  year  because  of  the 
high  elevation  of  the  basin. 


Although  most  of  the  air  masses  reaching  Subregion  12  have 
their  source  over  the  Pacific  Ocean,  they  are  much  drier  than  the 
original  maritime  air  and  reflect  the  temperature  of  the  lands 
over  which  they  travel.  However,  this  air  of  marine  origin  usually 
has  a moderating  influence  on  the  temperature  extremes  throughout 
the  area.  Occasionally,  however,  cold  arctic  air  from  Canada  will 
reach  the  subregion,  causing  extremely  cold  winter  weather. 


Precipitation 

Like  most  of  the  Pacific  Northwest,  this  subregion  has  a 
definite  winter  rainfall  pattern,  with  about  55  percent  of  the 
annual  total  occurring  during  the  months  of  November  through  March, 
and  about  15  percent  occurring  during  the  summer  months  of  June 
through  August.  The  average  annual  precipitation  ranges  from  about 
10  inches  in  the  drier  areas  to  more  than  25  inches  in  the  higher 
mountains.  For  most  of  the  subregion,  however,  the  average  annual 
precipitation  is  less  than  12  inches.  Annual  extremes  have  ranged 
from  loss  than  4 inches  to  as  high  as  27  inches.  The  greatest 
monthly  amount  of  record  occurred  in  this  subregion  in  December 
1964,  when  more  than  10  inches  were  observed  at  some  stations. 

Table  475  and  figure  860  show  precipitation  data  and  the  location 
of  precipitation  stations.  Figure  860  is  an  isohyetal  map  indi- 
cating mean  annual  precipitation  for  the  period  1930-1957. 

Despite  the  relatively  cool  winter  temperatures  that  occur, 
winter  precipitation  occurs  frequently  as  rain.  Approximately 
40  percent  of  the  annual  precipitation  occurs  as  snow  over  most  of 
the  area,  and  at  higher  elevations  about  65  percent  of  the  annual 

Tabic  475  - Average  Monthly  and  Annual  Precipitation  (Inches) 

Oregon  Closed  Basin  Subregion 
1951-1960 

Station  Elevation  Jan.  Feb.  Mar.  Apr.  May  June  July  TGig~  Sept.  Oct 7 ttov.  Bee.  Annual 

42  .69  .75  .66  7.15 

SO  .86  1.16  1.45  10.96 

42  . B5  1.07  1.64  10.49 

57  .74  1.07  1.21  8.94 

48  .96  .78  .85  10.59 

SS  .87  1.00  .92  9.00 

45  .82  .85  1.16  10.09 

47  .96  1.12  1.17  11.57 

64  .89  1.02  1.S4  11.95 

54  1.05  1.10  1.57  11.56 

57  1.11  .99  1.50  12.57 


Andrews  1/  4100 
Burns  NB~City  4151 
Freaont  4512 
Harney  Branch  Lap.  Sta.  1/  4159 
Hart  Mountain  Refuge  1/  ” 5616 
Malheur  Refuge  1/  ~ 4109 
Paisley  “ 4560 
P Ranch  Refuge  1/  4205 
Seneca  I / ~ 4666 
Squaw  Butte  1/  467S 
Valley  Falls  4526 


.80 

.80 

.59 

.78 

.64 

.59 

.21 

.22 

1.62 

1.27 

.97 

.75 

.89 

.88 

.54 

.29 

1.48 

.98 

.78 

.61 

1.12 

.95 

.57 

.26 

1.12 

.97 

.76 

.74 

.78 

.80 

.17 

.2! 

.85 

.76 

.96 

.75 

1.82 

1.56 

.57, 

.29 

.95 

.79 

.78 

.51 

1.15 

.97 

.51 

.22 

1.25 

1.01 

.90 

.67 

1.25 

1.15 

.57 

.27 

1.02 

.88 

1.00 

.95 

1.88 

1.44 

.25 

.27 

1.75 

1.17 

1.19 

.97 

1.19 

.94 

.52 

.55 

1.51 

1.07 

1.00 

.72 

1.44 

1.24 

.25 

.47 

1.41 

1.51 

1.12 

.96 

1.45 

1.58 

.50 

.29 

total  occurs  as  snow.  The  first  snowfall  usually  occurs  by  early 
October  and  normally  none  may  be  expected  after  May  1.  Winter 
snowfall  ranges  from  25  to  50  inches  on  the  main  body  of  the  plateau 
and  exceeds  150  inches  at  the  higher  elevations.  Snowpack  depths 
rarely  exceed  15  to  20  inches,  but  maximum  depths  of  35  inches  on 
the  plateau  floor  to  68  inches  at  the  higher  elevations  have  been 
observed.  Density  of  the  snowpack  increases  from  approximately 
25  percent  water  equivalent  in  early  winter  to  about  40  percent  in 
Apri 1 . 


Temperature 

During  the  warmest  summer  months , average  maximum  tempera- 
tures are  in  the  upper  80' s on  the  plateau  floor.  Temperatures  over 
100°F.  have  been  recorded  at  most  stations  in  the  subregion,  with  a 
recorded  high  of  109°F.  at  Fremont.  See  table  476  and  figure  860 
for  temperature  data  and  locations  of  weather  stations.  Temperatures 
reach  90°F.  or  higher  for  periods  of  20  to  30  days  annually  at  lower 
elevations  and  for  periods  of  5 to  15  days  at  the  higher  elevations. 
Average  minimum  summer  temperatures  range  from  the  mid-30's  to 
mid-40's. 

Night  temperatures  are  comparatively  cool,  with  subfreezing 
temperatures  occurring  an  average  of  175  to  275  days  annually, 
depending  on  elevation.  Subfreezing  temperatures  may  be  expected 
during  any  month  of  the  year. 

In  winter,  average  maximum  temperatures  range  from  the  upper 
30' s to  lower  50' s and  average  minimum  temperatures  range  from  15° 
to  25  F.  Temperatures  below  zero  occur  nearly  every  winter  and 
minimum  temperatures  less  than  -25°  have  been  recorded  at  most 
stations,  with  a record  low  of  -54°  recorded  at  Seneca.  The  coldest 
weather  occurs  when  cold  arctic  air,  which  usually  moves  southward 
from  Canada  along  the  east  slope  of  the  Continental  Divide,  breaks 
across  the  Rockies  and  then  moves  southward  between  the  Rockies  and 
Cascades  into  the  subregion. 

Tlie  growing  season  on  the  plateau  floor  ranges  from  80  to 
140  days.  The  last  freezing  temperature  in  spring  and  the  first 
in  fall  usually  occur  in  June  and  September,  respectively. 


Wind 

Prevailing  winds  in  this  area  are  north  or  northwest,  but 
this  predominance  is  much  less  in  winter  than  in  other  months. 
During  periods  of  winter  storms,  the  more  extreme  winds  are  likely 
and  are  most  frequent  from  the  south  or  southwest. 
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Tabic  476  - Average  and  Extreme  Temperatures  (*F),  Oregon  Closed  Basin  Subregion 


Station 

bate 

Jan. 

Feb. 

Ha?: 

"ET 

June 

~ July 

Aufc. 

Sept. 

Oct. 

Hoy. 

Dec. 

Annual 

Andrews 

Av.  Max. 

39.6 

44. S 

53.2 

61.  S 

71.0 

80.3 

91.1 

88.3 

77.1 

65.5 

51.9 

41.8 

63.8 

(24) 

Av.  Min. 

IB. 3 

22.6 

27.3 

32.2 

39.2 

46.2 

53.6 

50.8 

41.7 

33.3 

24.6 

20.2 

34.2 

Mean 

29.0 

33.6 

40.2 

46.8 

55. 1 

63.2 

72.4 

69.6 

59 . 4 

49.4 

38.2 

31.0 

49.0 

Highest 

69 

69 

76 

88 

93 

106 

107 

10S 

98 

92 

75 

67 

107 

Lowest 

-32 

-24 

3 

12 

18 

27 

33 

26 

12 

8 

-9 

-26 

-32 

Bums  MB  City  1/ 

Av.  Max. 

34.6 

40.9 

47.5 

58.6 

66.7 

73.6 

85.7 

83.5 

76.3 

63.3 

47.5 

38.1 

59.7 

no 

Av.  Min. 

14.5 

20.1 

24.8 

31.5 

38.5 

43.7 

51.1 

48.9 

40.9 

32.5 

24.3 

18.9 

32.5 

Mean 

24.8 

29.7 

37.4 

46.0 

53.4 

59.8 

69.5 

67.2 

58.8 

48.4 

36.1 

29.1 

46.7 

Highest 

SB 

64 

74 

86 

93 

95 

103 

100 

100 

86 

70 

61 

103 

Lowest 

-25 

-18 

-3 

14 

19 

28 

34 

31 

24 

13 

-17 

-8 

-25 

Fremont  1/ 

Av.  Max. 

38.2 

42.7 

49.4 

S7.5 

66.0 

73.7 

85.3 

83.0 

74.5 

63.5 

48.8 

39.8 

60.2 

(39) 

Av.  Min. 

13.6 

17.8 

21.5 

23.6 

31.6 

33.5 

36.3 

34.1 

28.6 

23.8 

19.9 

IS. 7 

25.0 

Mean 

25.8 

30.5 

35.3 

41.2 

47.9 

53.3 

60.7 

58.5 

52.4 

44.0 

34.5 

29.0 

42.8 

Highest 

82 

67 

79 

84 

93 

101 

109 

101 

102 

86 

74 

68 

109 

Lowest 

-34 

-39 

-30 

0 

4 

10 

14 

14 

3 

-2 

-29 

-40 

-40 

Harney  Branch 

Av.  Max. 

33.1 

38.8 

48.7 

60.1 

68.6 

75.3 

87.6 

85.3 

7S.7 

63.4 

47.3 

36.0 

60.0 

Exp.  Sta. 

Av.  Min. 

10.3 

16.8 

24.1 

29.1 

34.8 

39.7 

45.1 

41.9 

34.2 

27.0 

21.0 

15.0 

28.2 

(25) 

Mean 

21.7 

27.8 

36.4 

44.6 

51.7 

57.5 

66.4 

63.6 

55.0 

45  2 

54  2 

2S.5 

44.1 

Highest 

S7 

68 

76 

86 

92 

102 

105 

101 

99 

87 

70 

61 

105 

Lowest 

-44 

-36 

-S 

9 

11 

19 

24 

23 

2 

3 

-15 

-45 

-45 

Hart  Mt.  Refuge 

Av.  Max. 

36.9 

39.7 

44.1 

53.9 

61.3 

68.6 

81.1 

79.5 

71.7 

60.1 

47.7 

41.1 

57.1 

(20) 

Av.  Min. 

17.0 

20.9 

22.9 

28.2 

33.6 

37.9 

44.1 

42.7 

37.9 

31*.  6 

24.6 

20.7 

30.2 

Mean 

27.0 

30.3 

33.6 

40.9 

47.4 

53.3 

62.6 

61.2 

54.9 

46.0 

36.2 

31.0 

43.7 

Highest 

57 

62 

69 

78 

85 

96 

98 

94 

97 

81 

71 

68 

98 

Lowest 

-23 

-17 

-2 

9 

12 

20 

26 

25 

13 

10 

-10 

-13 

-23 

Malheur  Refuge 

Av.  Max. 

36.5 

41.9 

49.5 

60.3 

67.8 

74.5 

85.6 

83.9 

76.4 

64.1 

48.6 

40.3 

60.8 

Hd|. 

Av.  Min. 

16.2 

21.8 

25.2 

30.7 

37.8 

43.3 

49.6 

46.2 

38.4 

30.9 

23.7 

20.3 

32.0 

(23) 

Mean 

26.5 

31.8 

37.3 

45.6 

52.8 

58.9 

67.6 

65.1 

57.4 

47.5 

36.1 

30.4 

46.4 

Highest 

59 

62 

75 

86 

92 

98 

100 

98 

100 

90 

74 

6$ 

100 

Lowest 

-29 

-16 

-2 

16 

17 

27 

32 

29 

18 

9 

-18 

-7 

-29 

Paisley 

Av.  Max. 

40.5 

45.9 

52.1 

60.4 

68.3 

75.6 

86.5 

85.5 

76.6 

65.1 

50.9 

43.4 

62.6 

(IS) 

Av.  Min. 

20.1 

24.9 

27.9 

32.6 

37.8 

43.4 

49.9 

47.9 

41.7 

34.1 

27.1 

22  . S 

34.2 

Mean 

30.3 

35.4 

40.1 

46.5 

53.1 

59.5 

68.2 

66.4 

59.1 

49.6 

39.0 

55.0 

48.4 

Highest 

65 

70 

82 

85 

93 

102 

103 

103 

99 

91 

78 

70 

103 

Lowest 

-29 

-19 

3 

8 

IS 

20 

27 

21 

17 

8 

-11 

-25 

-29 

Seneca 

Av.  Max. 

34.8 

39.0 

45.9 

54.8 

62.6 

72.7 

83.9 

80.6 

73.6 

62.3 

48.3 

39.9 

58.2 

(21) 

Av.  Min. 

7.0 

9.1 

16.2 

26.3 

30.9 

34.2 

37.0 

33.1 

26.6 

22.1 

15.1 

11.3 

22.4 

Mean 

23.6 

24.1 

31.0 

40.5 

46.8 

53.5 

60.4 

S6.9 

49.9 

42.2 

31.5 

25.6 

40.5 

Highest 

58 

59 

74 

83 

89 

104 

104 

100 

96 

85 

72 

58 

104 

Lowest 

-43 

-54 

•26 

S 

11 

13 

19 

13 

1 

-1 

-31 

-38 

-54 

Squaw  Butte 

Av.  Max. 

34.8 

39.8 

46.7 

S7.6 

65.3 

72.2 

85.0 

83.0 

75.3 

62.4 

46.9 

38.5 

59.0 

Exp.  Sta. 

Av.  Min. 

15.1 

19.7 

23.-8 

29.1 

35.4 

40.7 

48.9 

47.2 

41.1 

32.9 

23.9 

19.8 

31.5 

(22) 

Mean 

24.9 

29.7 

35.3 

43.3 

50.4 

56.5 

67.0 

6S.1 

58.2 

47.6 

35.4 

29.0 

45.2 

Highest 

60 

66 

72 

«1 

89 

97 

102 

97 

104 

89 

75 

64 

104 

Lowest 

-24 

-18 

-2 

11 

14 

22 

29 

29 

20 

10 

-u 

-14 

-24 

Valley  Falls  1/ 

Av.  Max. 

40.2 

44.1 

51.1 

S9.7 

66.6 

76.1 

B7.S 

86. 1 

76.8 

64.8 

51.2 

42.5 

62.2 

(44) 

Av.  Min. 

20.0 

24.0 

26.  S 

30.4 

35.2 

40.0 

44.7 

42.8 

36.6 

30.9 

25.0 

21.7 

31.5 

Mean 

29.7 

33.1 

38.1 

45.1 

SI. 6 

57.7 

65.9 

63.8 

S6.7 

47.9 

37.6 

32.6 

46.7 

Highest 

65 

70 

78 

85 

92 

102 

105 

105 

102 

91 

78 

72 

10S 

Lowest 

-39 

-26 

-7 

5 

14 

20 

25 

22 

8 

3 

-19 

-34 

-39 

i/  The  mean  temperature  is  for  the  normal  period  1931-60,  other  data  are  for  period  of  record. 


Evaporation 


Substantial  evaporation  occurs  during  the  summer  months  due 
to  comparatively  warm  days  and  clear  skies.  Annual  evaporation  from 
a Class  A pan  is  estimated  at  55  to  60  inches  and  evaporation  loss 
from  lakes  and  reservoirs  is  estimated  at  39  to  42  inches  annually. 
The  annual  potential  evapotranspiration  varies  between  22  and  24 
inches.  The  computed  annual  evapotranspiration  is  6 to  8 inches 
and  10  to  12  inches  for  soils  with  2-inch  and  6-inch  moisture 
holding  capacities,  respectively. 


Humidity 

Relative  humidity  in  early  morning  hours  ranges  between 
80  and  90  percent  throughout  the  year.  Humidity  in  this  range  is 
common  almost  any  time  of  the  day  in  late  fall  and  winter.  In 
contrast,  the  average  relative  humidity  during  July  varies  from 
50  percent  in  early  morning  to  20  percent  in  late  afternoon,  with 
afternoon  humidity  of  10  percent  or  lower  not  uncommon. 


Sunshine 


During  the  winter  this  subregion  has  predominantly  cloudy 
weather.  In  January  the  sun  shines  about  50  percent  of  the  time 
possible  and  several  consecutive  days  of  fairly  clear,  sunny 
weather  are  not  unusual.  In  the  summer,  the  amount  of  time  of 
sunshine  increases  to  80  to  90  percent  of  the  total  time  possible. 


SURFACE  WATER 

Principal  streams  within  the  subregion  are  the  Si Ivies  River, 
draining  the  northeast  portion  of  the  subregion;  the  Donner  und 
Blitzen  River,  draining  the  west  side  of  the  Steens  Mountain;  Silver 
Creek,  Chewaucan  River,  and  Deep  Creek,  draining  the  west  side  of 
the  subregion.  Si Ivies  River,  draining  934  square  miles  at  the 
gaging  station  near  Burns,  is  the  largest  stream  in  the  Oregon 
Closed  Basin. 

The  major  use  of  water  is  for  irrigation.  Thompson 
Reservoir,  located  in  the  upper  reaches  of  Silver  Creek,  provides 
storage  for  irrigation  purposes. 


Quantity 

Average  annual  runoff  generated  within  the  subregion  is  about 
1,650  cfs  or  1.19  million  acre-feet.  This  averages  0.09  cfs  per 
square  mile. 


# 
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Present  Utilization 


About  41  percent  (660  cfs)  of  the  mean  discharge  was 
withdrawn  in  196S  for  consumptive  needs  (rural,  public  supplies, 
self-supplied  industrial  use,  irrigation,  and  recreation),  but  less 
than  25  percent  (410  cfs)  was  actually  consumed.  Of  the  total 
water  withdrawn,  625  cfs,  or  92  percent,  was  for  irrigation  and 
46  cfs  was  for  self-supplied  industry.  Irrigation  is  also  the 
major  consumer,  using  400  cfs  of  the  410  cfs  consumed  in  the 
subregion. 

The  principal  nonconsuming  uses  of  water  are  for  fish  and 
wildlife  and  recreation.  The  nonconsuming  uses  are  instream  uses, 
except  for  the  diversions  of  about  50  cfs  required  for  operation 
of  the  Malheur  Wildlife  Refuge.  These  diversions  to  the  refuge 
are  used  to  create  nesting  areas  and  feeding  grounds  for  waterfowl, 
and  are  in  addition  to  the  diversions  made  to  irrigate  lands  in  the 
refuge.  Other  nonconsuming  uses  such  as  hydroelectric  power  gen- 
eration and  dilution  of  wastes  are  minor  or  nonexistent  at  present. 


Stream  Management 

The  water  requirements  of  various  water  uses  are  met  from 
unregulated  streamflow  on  all  streams  except  Silver  Creek.  Thus, 
stream  management  consists  almost  entirely  of  scheduling  diversions 
according  to  availability  of  natural  runoff. 


Impoundments  There  is  only  one  reservoir  having  a usable 
capacity  of  1,000  acre-feet  or  more.  Thompson  Reservoir,  located 
on  the  upper  reaches  of  Silver  Creek  in  Lake  County,  has  a total 
capacity  of  21,500  acre-feet  and  was  built  for  the  purpose  of 
storing  water  for  irrigation.  In  Warner  Valley,  some  of  the  marshes 
and  lakes  are  diked  and  the  water  levels  controlled,  and  in  dry 
years  some  of  the  lower  or  northern  lake  beds  are  irrigated. 


Diversions  Major  diversions  are  for  irrigation.  In  recent 
years  diversions  for  waterfowl  propagation  have  increased  during 
the  fall  and  spring  and  have  affected  the  levels  of  various  lakes. 
Most  of  the  streamflow  in  the  principal  river  basins  is  diverted 
during  the  irrigation  season. 


Water  Rights 

The  Water  Resource  inventory  areas  for  Subregion  12  are 
shown  on  figure  861. 
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Figura  861  Mop  thowlng  water  resource  inventory  arose 
Setinsd  by  the  State  of  Oregon  Water 
Resources  Beard 

Discharge 

The  base  period  selected  for  the  Columbia-North  Pacific 
Region  study  is  the  30-year  period  1929  to  1958.  A typical 
Subregion  12  stream,  Chewaucan  River  near  Paisley,  Oregon,  has  a 
base  period  mean  discharge  close  to  100  percent  of  its  47-year 
mean.  Weather  records  show  that  precipitation  at  Valley  Falls 
during  the  base  period  is  also  close  to  100  percent  of  the  55-year 
mean. 


Measurement  Facilities  Table  477  is  a summary  of  streamflow 
data  for  the  seven  sites  selected  for  detailed  study  in  Subregion  12. 

Figure  862  shows  the  locations  of  the  selected  sites,  with 
Geological  Survey  identification  numbers.  The  first  two  digits  of 
the  identification  number,  part  number  (10),  have  been  omitted 
because  Subregion  12  lies  wholly  within  the  area  the  Geological 
Survey  designates  as  Part  10,  the  Great  Basin. 


Tabl«  477  - Streaaflo*  Suaaery  for  Selected  Sitaa,  Subregion  12 


Streaa 

Station 

Station 

feafcer 

Gage 

D»tm 

Deep  Creek 

Adel 

3715 

4,965.7 

Uhhai, 

none y trevi 

Plush 

3785 

4.550.4 

Chewaucan  River 

Paisley 

3540 

4,430 

Silver  Creek 

Silver  Lake 

3900 

4,361.2 

Si Ivies  River 

Burns 

3935 

4,195 

Donaer  und  Blitizen  R. 

Prenchglen 

396b 

4,254 

Trout  Creek 

Denio,  Nev. 

4065 

4,351.5 

Drainage 

Area 

Period 

of 

Annual  Flow 

(cfs) 

2/ 

Moaentary  Flow 

tK-  ni.) 

Record 

Mean 

Max. 

Min. 

Max. 

Min. 

249 

29-65 

120 

251 

24 

9,420 

1.7 

170 

30-65 

25 

61 

3 

11,000 

0 

275 

24-65 

139 

341 

32 

6,490 

0 

160 

29-65 

22 

82 

2 

1,800 

0 

934 

22-65 

164 

375 

IS 

4,960 

0 

200 

37-65 

116 

201 

49 

2,750 

6.6 

BB 

32-65 

IS 

37 

4 

470 

0 

UeguUted  value*  for  bate  period  (1929-58)  with'  estlaatel  1970  conditions  of  development. 
*•**■“■  or  ainiaua  observed  instantaneous  values  for  period  of  record. 

Other  short  periods  of  record  prior  to  dates  shown. 
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SCHAR6E,  THOUSANO  CUBIC  FEET  PER  SECOND 


a 


Average  Discharge  for  Subregion  12  An  area  of  over 
11,000  square  miles  of  the  subregion  has  no  perennial  streams. 

Runoff  from  this  area  collects  in  playas  and  either  recharges 
ground  water  or  evaporates.  Therefore,  only  the  runoff  from  areas 
drained  by  perennial  streams  was  used  to  estimate  the  discharge 
generated  within  the  subregion.  However,  unit  discharges  were 
computed  using  these  discharges  and  the  entire  area  of  the  subregion. 

Because  of  the  variance  in  the  development  and  use  of  the 
water  resource,  each  major  stream  should  be  analyzed  separately. 
Therefore,  the  monthly  discharge  data  for  the  subregion  presented 
in  figure  863  and  table  478  are  the  estimated  flows  available  from 
these  areas  and  do  not  reflect  the  1970  level  of  development. 

Figure  862  is  a map  of  isopleths  indicating  mean  annual  runoff  for 
the  period  1931-60. 


Tabic  471  - Discharge  in  Oregon  Closed  Basin  Subregion,  1929-S8 
(Mean  Discharge  in  cfs) 


Mov. 

— SET- 

K-SI 

lEL 

Ma- 

June 

July 

!!L 

Sept . 

Annua  1 

660 

880 

3,530 

3,030 

5,090 

6.320 

Maximum 

I6,i£0 

1 1 ,690 

6,660 

1,820 

610 

510 

4,810 

440 

610 

930 

910 

1,870 

5.340 

20  Percent 
5.JM — 

7,550 

4,270 

1,070 

400 

340 

2,580 

350 

4 SO 

720 

690 

1,180 

2.220 

Mean 

sTSTo 

5.070 

2,490 

620 

260 

260 

1.6S0 

240 

280 

290 

330 

370 

820 

90  Percent 
2.000 

2,150 

960 

280 

150 

160 

670 

190 

200 

180 

210 

240 

450 

Minimum 

— tot 

460 

200 

100 

40 

60 

260 

Average  Discharge  for  Selected  Stations  Detailed  data  for 
each  of  the  selected  sites  described  in  table 477  are  presented  in 
this  section  of  the  report. 

The  hydrographs  are  based  upon  monthly  discharges  published 
in  Geological  Survey  Water  Supply  Papers  1314  and  1734.  Records 
for  the  stations  Deep  Creek  above  Adel,  Oregon;  Honey  Creek  near 
Plush,  Oregon;  Donner  und  Blitzen  River  near  Frenchglen,  Oregon; 
and  Trout  Creek  near  Denio,  Nevada,  have  been  extended.  The 
monthly  discharge  reflecting  1970  conditions  for  the  selected 
stations  are  shown  in  tables  479  through  485.  There  have  been  no 
significant  water-right  developments  on  the  Si Ivies  River,  the 
Donner  und  Blitzen  River,  and  Trout  Creek  during  the  base  period, 
so  the  discharges  listed  for  these  streams  were  not  adjusted. 
Hydrographs  for  several  conditions  of  flow  at  the  selected  sites 
are  shown  on  figures  864  through  870.  Explanations  of  these  and 
the  following  graphs  are  given  in  the  Regional  Summary . 

Frequency  curve  discharges  for  1,  3,  6,  and  12-month  periods 
for  high  and  low  flows  are  shown  on  figures  871  through  877.  The 
curves  of  low  flows  for  Honey  Creek  near  Plush  are  not  shown  for 
periods  less  than  12-month  because  of  the  very  low  flows  which 
occurred. 
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Duration  curves  of  mean  discharge  for  2-time  periods,  monthly 
and  annual  durations,  are  presented  in  figures  878  through  884. 

Frequency  curves  of  annual  peak  flows  are  shown  in  figures 
885  through  890.  The  frequency  curve  for  Silver  Creek  near  Silver 
Lake  is  not  included  because  the  stream  is  regulated  by  Thompson 
Reservoir. 

Dependable  yield  of  the  river  basins  is  shown  in  tables  486 
through  492.  The  table  shows  the  lowest  mean  flow  for  periods  of 
1 through  10  consecutive  years  in  the  30-year  base  period  and  their 
relationship  to  the  30-year  mean. 


Variations  in  Discharge  Long-term  variations  in  discharge 
and  precipitation  for  two  areas — Silvies  River  and  Chewaucan  River — 
are  presented  in  figures  891  and  892.  The  means  foT  the  base  period 
and  the  period  of  record  as  well  as  the  5-year  moving  averages  are 
shown  to  provide  comparison  of  base-period  data  to  long-term  data 
and  to  illustrate  the  general  trend.  Streamflow  data  are  presented 
for  water  years,  whereas  precipitation  data  are  presented  for 
climatic  years. 

The  ratio  of  the  30-year  mean  precipitation  for  the  base 
period  to  the  long-term  record  is  97  and  101  percent  at  Bums  and 
Valley  Falls,  respectively;  and  the  ratio  of  mean  discharge  for 
the  base  period  to  the  long-term  record  is  103  and  101  percent  for 
the  Silvies  River  and  Chewaucan  River,  respectively.  The  graphs 
also  show  that  generally  the  maximums  and  minimums  of  record  for 
both  precipitation  and  discharge  occurred  during  the  base  period. 
Thus,  the  selected  base  period  should  be  representative  of  longer 
periods  of  time.  The  data  presented  do  not  indicate  a long-term 
trend  or  rhythmic  cycle  of  precipitation  or  discharge. 

Variation  in  mean  monthly  and  annual  flows  is  depicted  by 
the  duration  curves  of  flows  in  figures  878  through  884.  These 
curves  show  the  range  in  mean  flows  during  the  30-year  base  period 
and  the  percent  of  time  that  any  given  mean  flow  has  been  equaled 
or  exceeded. 

Seasonal  variations  in  runoff  are  clearly  shown  in  the  hydro- 
graph of  figures  864  through  870.  The  streams  in  the  west  side  of 
the  subregion  generally  have  two  peaks,  one  during  the  winter 
(usually  December)  and  a larger  one  in  the  spring  (occurring  in 
April  or  May).  The  streams  on  the  east  side  generally  have  only 
one  peak,  which  occurs  in  the  spring,  usually  April  or  May.  The 
low  runoff  months  throughout  the  subregion  are  usually  July  through 
November. 
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St reamflow  Travel  Time  Time-of-travel  studies  have  not 
been  made  for  Subregion  12  streams. 


River  Profiles  Profiles  for  the  principal  streams  are  shown 
in  figure  893.  The  profiles  were  constructed  from  Geological  Survey 
plan  and  profile  sheet  and  quadrangle  and  topographic  maps. 


(Narrative  continued  on  page  978) 


Table  479  Modified  Mean  Discharges  in  CFS,  Di ep  Creek  Above  Adel,  Oregon 


|pi 


Water 

Year 

Oct. 

Nov. 

Dec . 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Au*. 

Sept . 

Annual 

1518 

8 

5 

4 

1929 

12 

16 

22 

13 

8 

70 

78 

171 

60 

8 

4 

4 

39 

1930 

10 

12 

45 

19 

140 

120 

213 

1S3 

40 

5 

3 

3 

64 

1931 

10 

12 

12 

12 

25 

73 

89 

43 

6 

1 

i 

2 

24 

1932 

10 

11 

10 

10 

12 

320 

299 

312 

138 

10 

4 

4 

95 

1933 

10 

14 

8 

7 

8 

19 

158 

162 

140 

8 

3 

4 

45 

1934 

10 

12 

15 

33 

38 

104 

94 

26 

7 

2 

2 

2 

29 

1935 

5 

14 

21 

20 

27 

66 

607 

442 

156 

13 

4 

5 

115 

1936 

11 

15 

14 

15 

25 

195 

636 

365 

92 

9 

5 

5 

116 

1937 

11 

12 

12 

14 

1 1 

37 

425 

285 

68 

6 

3 

4 

74 

1938 

10 

43 

293 

58 

59 

149 

854 

726 

208 

25 

10 

10 

204 

1939 

22 

35 

34 

20 

20 

211 

254 

102 

18 

5 

4 

4 

61 

1940 

10 

10 

23 

52 

168 

286 

318 

22  9 

32 

5 

3 

5 

95 

1941 

12 

22 

28 

21 

62 

241 

209 

369 

161 

23 

10 

14 

98 

1942 

17 

25 

85 

81 

63 

164 

529 

436 

331 

42 

9 

12 

150 

1943 

16 

58 

119 

101 

85 

542 

799 

494 

474 

74 

17 

17 

233 

1944 

27 

30 

26 

22 

26 

80 

172 

201 

290 

40 

8 

9 

78 

1945 

14 

29 

40 

73 

154 

87 

295 

624 

237 

27 

8 

10 

133 

1946 

18 

23 

62 

47 

46 

189 

508 

350 

95 

19 

7 

9 

114 

1947 

18 

28 

34 

23 

68 

126 

193 

160 

128 

9 

4 

7 

66 

1948 

18 

25 

22 

98 

55 

52 

253 

518 

399 

39 

10 

12 

125 

1949 

20 

29 

25 

29 

23 

65 

652 

420 

110 

12 

8 

11 

117 

1950 

18 

22 

18 

56 

131 

189 

425 

488 

251 

34 

13 

13 

138 

1951 

24 

51 

128 

44 

230 

194 

609 

458 

124 

19 

12 

14 

159 

1952 

25 

30 

39 

32 

62 

154 

1072 

754 

320 

90 

23 

26 

219 

1953 

24 

30 

34 

176 

150 

142 

338 

534 

488 

114 

28 

20 

173 

1954 

24 

53 

60 

45 

132 

237 

471 

333 

125 

23 

13 

16 

128 

1955 

20 

25 

22 

18 

19 

43 

159 

365 

189 

25 

8 

9 

75 

1956 

14 

33 

417 

301 

95 

338 

677 

729 

312 

54 

20 

22 

251 

1957 

39 

59 

116 

40 

255 

332 

362 

516 

215 

23 

13 

16 

166 

1958 

36 

43 

35 

94 

412 

118 

580 

857 

264 

54 

23 

26 

212 

Mean 

17 

27 

61 

52 

87 

165 

411 

387 

183 

26 

9 

10 

120 

Table 

480 

Modified 

Mean  Discharges 

in  CFS, 

Honey  Creek  near 

Plush, 

Oregon 

Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb 

Mar. 

*Pr- 

May 

June 

July 

Aug. 

Sept . 

Annual 

1533 

1 

0 

0 

1929 

1 

1 

2 

1 

0 

11 

12 

29 

9 

1 

0 

0 

6 

1930 

0 

2 

8 

i 

20 

17 

40 

20 

8 

» 

0 

0 

10 

1931 

2 

2 

3 

3 

4 

8 

15 

4 

1 

0 

0 

0 

4 

1932 

1 

1 

2 

2 

14 

26 

48 

56 

12 

0 

0 

0 

14 

1933 

1 

1 

1 

1 

3 

4 

17 

39 

23 

1 

0 

0 

8 

1934 

1 

1 

1 

2 

2 

13 

11 

2 

1 

0 

0 

0 

3 

1935 

0 

2 

2 

2 

2 

7 

68 

65 

19 

1 

0 

0 

14 

1936 

1 

2 

2 

1 

2 

25 

95 

48 

14 

1 

0 

0 

16 

1937 

0 

0 

0 

0 

0 

9 

59 

51 

16 

1 

0 

0 

11 

1938 

2 

3 

33 

10 

12 

38 

282 

195 

45 

7 

1 

1 

52 

1939 

2 

3 

1 

1 

1 

42 

34 

13 

6 

0 

0 

0 

9 

1940 

1 

3 

5 

2 

47 

82 

91 

42 

7 

0 

0 

0 

23 

1941 

2 

4 

2 

2 

16 

43 

50 

69 

37 

3 

1 

1 

19 

1942 

3 

3 

18 

15 

20 

60 

213 

128 

52 

4 

0 

0 

43 

1943 

1 

3 

4 

5 

15 

129 

183 

115 

93 

11 

1 

0 

47 

1944 

2 

3 

2 

2 

5 

IS 

20 

20 

101 

9 

2 

1 

15 

1945 

4 

8 

8 

13 

20 

18 

83 

122 

47 

5 

1 

1 

28 

1946 

2 

4 

7 

7 

10 

44 

123 

62 

17 

2 

0 

0 

23 

1947 

2 

5 

7 

5 

11 

17 

42 

72 

17 

1 

0 

1 

11 

1948 

1 

1 

2 

25 

5 

6 

72 

20C 

111 

14 

0 

1 

37 

1949 

2 

4 

2 

1 

3 

21 

167 

90 

23 

2 

0 

0 

26 

1950 

1 

1 

1 

5 

15 

21 

67 

93 

49 

6 

1 

0 

22 

1951 

2 

7 

24 

11 

50 

48 

140 

98 

23 

2 

0 

0 

34 

1952 

2 

4 

5 

5 

19 

141 

264 

171 

62 

14 

3 

1 

58 

1953 

2 

2 

2 

43 

26 

34 

72 

121 

89 

16 

2 

1 

34 

1954 

2 

5 

7 

6 

19 

38 

120 

79 

28 

4 

1 

1 

26 

1955 

2 

S 

4 

4 

5 

7 

13 

90 

2S 

6 

0 

0 

13 

1956 

0 

3 

86 

65 

16 

96 

182 

188 

76 

13 

1 

1 

61 

1957 

5 

10 

10 

3 

71 

69 

83 

133 

36 

4 

1 

0 

3S 

19S« 

2 

4 

5 

7 

46 

29 

146 

175 

50 

14 

2 

1 

40 

Mean 

2 

3 

9 

8 

16 

37 

94 

85 

37 

4 

1 

0 

25 

961 


r 

» 


# 


Table  481  Modified  Mean  Discharges  in  CFS,  Chewaucan  River  near  Paisley,  Oregon 


Hater 


Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

~lb' 

Aug. 

Sept . 
20 

Annual 

mr 

“19 

1929 

28 

33 

40 

30 

23 

95 

104 

200 

89 

26 

16 

20 

59 

1950 

26 

41 

87 

26 

124 

112 

256 

157 

59 

21 

17 

21 

79 

1931 

26 

21 

10 

24 

36 

S7 

99 

65 

20 

9 

6 

13 

32 

1932 

23 

23 

25 

29 

33 

189 

219 

439 

156 

31 

14 

16 

100 

1933 

23 

28 

17 

24 

27 

43 

140 

218 

299 

38 

16 

18 

74 

1934 

25 

27 

37 

45 

55 

153 

175 

66 

28 

10 

7 

14 

54 

193S 

25 

36 

32 

32 

42 

75 

317 

451 

156 

37 

16 

17 

103 

1936 

24 

23 

24 

46 

49 

150 

492 

530 

165 

35 

19 

27 

132 

1937 

26 

21 

26 

26 

26 

57 

267 

343 

139 

42 

19 

22 

84 

1938 

29 

47 

173 

70 

86 

142 

663 

924 

371 

70 

35 

32 

220 

1939 

41 

49 

45 

38 

39 

168 

275 

135 

45 

18 

12 

19 

74 

1940 

26 

26 

40 

62 

141 

296 

492 

418 

91 

26 

17 

24 

138 

1941 

32 

33 

39 

44 

67 

126 

165 

398 

149 

39 

33 

35 

97 

1942 

35 

SI 

129 

87 

78 

13S 

435 

423 

299 

71 

37 

32 

151 

1943 

33 

67 

87 

107 

104 

374 

782 

625 

446 

105 

42 

36 

234 

1944 

44 

51 

41 

41 

53 

74 

98 

152 

293 

87 

34 

30 

83 

194S 

36 

51 

57 

67 

120 

70 

232 

566 

263 

55 

28 

28 

131 

1946 

32 

44 

84 

75 

58 

186 

485 

614 

180 

48 

25 

28 

155 

1947 

36 

45 

42 

39 

78 

94 

216 

214 

99 

27 

17 

21 

77 

1948 

32 

34 

31 

69 

S4 

56 

146 

549 

523 

100 

41 

40 

140 

1949 

43 

46 

26 

31 

39 

105 

414 

501 

145 

41 

25 

27 

120 

1950 

36 

41 

39 

43 

98 

139 

294 

502 

300 

62 

28 

26 

134 

1951 

52 

86 

188 

86 

209 

208 

695 

562 

193 

44 

28 

30 

198 

1952 

46 

50 

86 

60 

107 

158 

769 

1129 

575 

144 

53 

44 

268 

1953 

41 

40 

59 

190 

154 

142 

380 

662 

665 

163 

56 

43 

216 

1954 

46 

69 

64 

56 

130 

269 

66  2 

719 

222 

67 

40 

41 

199 

1955 

44 

48 

48 

43 

47 

62 

87 

214 

141 

41 

18 

28 

68 

1956 

34 

55 

464 

366 

141 

290 

826 

1113 

570 

145 

51 

41 

341 

1957 

63 

65 

92 

38 

185 

295 

357 

658 

269 

56 

34 

37 

179 

1958 

64 

70 

73 

90 

317 

169 

449 

1050 

328 

85 

47 

43 

232 

Mean 

36 

44 

74 

66 

91 

150 

366 

487 

243 

56 

27 

28 

139 

Table  482  Modified  Mean  Discharges  in  CFS , Silver  Creek  near  Silver  Lake,  Oregon 


WIT’fT 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug . 

Sept . 

Annua  1 

1928 

16 

9 

2 

1929 

3 

2 

2 

2 

4 

5 

3 

8 

6 

4 

1 

1 

3 

1930 

2 

3 

2 

2 

4 

4 

12 

19 

6 

1 

1 

1 

5 

1931 

1 

2 

2 

1 

1 

3 

3 

5 

1 

0 

0 

0 

2 

1932 

1 

2 

1 

1 

1 

3 

30 

41 

28 

25 

1 

1 

11 

1933 

2 

2 

1 

1 

1 

3 

6 

32 

32 

13 

2 

1 

8 

1934 

1 

2 

2 

2 

2 

2 

4 

9 

3 

0 

0 

0 

2 

1935 

1 

2 

2 

2 

2 

2 

17 

33 

36 

18 

2 

1 

10 

1936 

2 

2 

2 

1 

1 

3 

18 

38 

33 

18 

1 

1 

10 

1937 

1 

1 

2 

2 

2 

2 

14 

42 

24 

14 

2 

0 

9 

1938 

0 

0 

5 

2 

2 

17 

89 

133 

38 

26 

9 

7 

27 

1939 

5 

3 

3 

3 

3 

9 

25 

31 

20 

6 

1 

1 

9 

1940 

1 

1 

2 

4 

9 

26 

22 

24 

34 

18 

4 

3 

12 

1941 

2 

2 

3 

4 

3 

10 

20 

35 

29 

15 

5 

2 

11 

1942 

3 

3 

3 

4 

7 

9 

24 

18 

17 

24 

4 

7 

10 

1943 

5 

3 

6 

13 

10 

52 

282 

109 

32 

33 

5 

10 

47 

1944 

6 

7 

6 

6 

6 

8 

2 

15 

14 

16 

4 

3 

8 

194S 

3 

3 

5 

6 

10 

4 

2 

14 

15 

23 

S 

9 

8 

1946 

8 

5 

5 

11 

6 

19 

48 

40 

21 

23 

9 

6 

17 

1947 

3 

3 

5 

4 

5 

4 

5 

21 

16 

14 

4 

6 

8 

1948 

7 

4 

1 

9 

4 

4 

10 

24 

22 

26 

8 

7 

10 

1949 

9 

2 

4 

4 

4 

8 

28 

31 

34 

32 

7 

4 

14 

1950 

3 

4 

4 

3 

6 

23 

28 

35 

72 

2S 

9 

2 

14 

1951 

5 

8 

42 

27 

50 

S3 

200 

115 

38 

29 

16 

IS 

50 

1952 

10 

7 

15 

10 

16 

19 

229 

183 

46 

39 

13 

8 

50 

1953 

7 

6 

6 

28 

39 

35 

76 

140 

72 

44 

23 

15 

41 

1954 

11 

10 

12 

13 

23 

75 

286 

162 

33 

26 

12 

12 

56 

1955 

13 

12 

8 

8 

10 

10 

6 

16 

30 

26 

8 

3 

12 

1956 

5 

7 

55 

43 

17 

48 

450 

259 

45 

30 

14 

8 

82 

1957 

5 

5 

4 

4 

34 

114 

92 

113 

J0 

22 

8 

12 

37 

19S8 

12 

8 

9 

10 

92 

88 

229 

214 

82 

29 

15 

17 

67 

Mean 

5 

4 

7 

8 

12 

22 

75 

65 

29 

20 

6 

5 

22 

962 


Table  483  Observed  Mean  Discharges  in  CFS,  Si  Ivies  River  near  Burns,  Oregon 


water 

Year 

Oct . 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

m 

■91 

June 

July 

Aug. 

Sept . 

Annual 

HIM 

20 

8 

9 

1929 

13 

19 

21 

25 

20 

254 

220 

143 

58 

19 

9 

13 

68 

1930 

IS 

20 

38 

30 

99 

76 

43 

27 

9 

4 

3 

3 

31 

1931 

8 

8 

15 

39 

42 

98 

124 

23 

6 

2 

1 

2 

31 

1932 

4 

5 

10 

10 

20 

255 

844 

398 

76 

7 

3 

2 

136 

1933 

7 

15 

11 

15 

20 

49 

278 

341 

108 

13 

2 

2 

72 

1934 

7 

15 

27 

40 

41 

30 

12 

6 

2 

0 

0 

1 

15 

1935 

11 

19 

15 

15 

20 

67 

440 

117 

21 

6 

2 

2 

61 

1936 

5 

9 

10 

15 

20 

73 

728 

208 

40 

5 

5 

7 

94 

1937 

8 

11 

15 

12 

18 

73 

430 

255 

57 

12 

3 

4 

75 

1938 

9 

29 

101 

86 

113 

481 

1412 

592 

88 

34 

12 

9 

247 

1939 

13 

29 

28 

39 

45 

457 

539 

79 

17 

4 

4 

6 

105 

1940 

6 

7 

15 

31 

182 

489 

671 

125 

17 

5 

3 

6 

130 

1941 

11 

31 

52 

58 

89 

861 

769 

436 

176 

39 

29 

33 

215 

1942 

35 

53 

79 

65 

60 

218 

1367 

540 

225 

52 

14 

13 

227 

1943 

16 

39 

76 

119 

136 

587 

2182 

673 

228 

59 

20 

12 

346 

1944 

21 

44 

37 

31 

55 

189 

213 

75 

57 

18 

7 

5 

63 

1945 

8 

17 

40 

137 

329 

202 

605 

658 

310 

40 

12 

9 

197 

1946 

14 

31 

33 

55 

57 

464 

1056 

418 

116 

43 

12 

13 

193 

1947 

24 

55 

98 

49 

240 

325 

484 

169 

106 

23 

7 

7 

132 

1948 

16 

30 

43 

63 

159 

144 

604 

1019 

446 

84 

27 

19 

221 

1949 

33 

44 

41 

26 

111 

397 

782 

432 

74 

11 

7 

7 

164 

1950 

15 

30 

31 

27 

37 

238 

764 

427 

151 

34 

12 

6 

148 

1951 

20 

40 

72 

66 

254 

425 

1328 

463 

94 

35 

11 

10 

235 

1952 

19 

30 

48 

44 

51 

376 

2716 

947 

168 

59 

22 

17 

375 

1953 

20 

26 

33 

127 

243 

298 

861 

831 

473 

78 

26 

21 

253 

1954 

29 

51 

71 

64 

191 

352 

536 

197 

92 

18 

9 

10 

135 

1955 

18 

28 

25 

23 

31 

52 

193 

372 

88 

25 

6 

7 

72 

1956 

13 

30 

113 

125 

103 

593 

1467 

774 

208 

45 

15 

16 

292 

1957 

33 

52 

66 

41 

649 

546 

944 

655 

142 

24 

11 

11 

264 

1958 

32 

35 

51 

55 

529 

468 

1394 

1028 

218 

63 

26 

23 

327 

Mean 

16 

28 

44 

51 

132 

305 

800 

414 

129 

27 

10 

9 

164 

Table  484  Observed  Mean  Discharges  in  CFS,  Ponner  und  Blitzen  River  near  Frenchglen,  Oregon 


Water 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb . 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Annual 

1928 

66 

33 

33 

1929 

55 

59 

63 

60 

73 

94 

130 

279 

130 

49 

45 

43 

90 

1930 

48 

52 

69 

66 

79 

108 

181 

194 

146 

46 

33 

36 

88 

1931 

48 

57 

60 

57 

67 

86 

77 

87 

55 

30 

15 

15 

54 

1932 

77 

89 

85 

87 

100 

129 

238 

450 

271 

102 

43 

34 

142 

1933 

57 

63 

55 

70 

57 

71 

114 

203 

218 

57 

39 

31 

86 

1934 

46 

58 

56 

54 

63 

76 

104 

59 

39 

25 

6 

6 

49 

1935 

34 

44 

46 

46 

48 

62 

233 

380 

293 

96 

36 

28 

112 

1936 

51 

66 

64 

68 

58 

62 

196 

238 

142 

44 

31 

49 

89 

1937 

52 

54 

48 

52 

60 

70 

112 

299 

162 

62 

26 

31 

86 

1938 

45 

52 

74 

40 

70 

169 

397 

455 

281 

89 

44 

40 

146 

1939 

43 

51 

49 

42 

42 

232 

250 

227 

110 

46 

30 

29 

96 

1940 

34 

32 

33 

40 

72 

159 

255 

376 

148 

43 

30 

37 

105 

1941 

42 

57 

44 

42 

145 

111 

129 

403 

243 

84 

46 

43 

116 

1942 

45 

61 

51 

77 

74 

156 

373 

463 

424 

128 

53 

48 

163 

1943 

47 

S6 

123 

98 

150 

200 

305 

315 

364 

160 

62 

47 

161 

1944 

49 

52 

45 

44 

46 

83 

126 

243 

228 

87 

39 

36 

90 

1945 

38 

42 

47 

63 

91 

113 

352 

558 

420 

138 

57 

46 

164 

1946 

47 

50 

63 

so 

64 

99 

218 

283 

184 

80 

42 

37 

101 

1947 

42 

51 

52 

44 

61 

68 

143 

251 

141 

46 

31 

30 

80 

1948 

35 

40 

39 

83 

39 

92 

162 

515 

480 

104 

45 

40 

140 

1949 

42 

41 

39 

34 

49 

95 

208 

285 

147 

51 

35 

33 

88 

1950 

37 

38 

33 

32 

42 

107 

160 

318 

290 

97 

43 

36 

103 

19S1 

39 

45 

59 

54 

177 

149 

278 

301 

238 

73 

43 

39 

125 

1952 

47 

44 

42 

42 

43 

157 

666 

610 

433 

196 

74 

56 

201 

1953 

49 

47 

48 

53 

59 

63 

115 

284 

502 

176 

59 

46 

125 

1954 

45 

46 

62 

56 

93 

150 

184 

256 

160 

66 

41 

38 

100 

1955 

36 

37 

36 

38 

35 

72 

123 

329 

312 

73 

37 

35 

97 

1956 

38 

44 

138 

175 

63 

155 

281 

456 

278 

97 

46 

41 

151 

1957 

64 

63 

91 

42 

204 

197 

214 

578 

435 

109 

51 

46 

174 

1958 

59 

S2 

51 

61 

283 

85 

206 

538 

272 

102 

55 

47 

151 

Mean 

46 

51 

59 

59 

84 

116 

218 

341 

252 

84 

40 

37 

116 

963 

aawat.1-?1.*'-  


***** 
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Table 

475. 

Observed  Mean  Discharges 

in  CFS, 

Trout 

Creek 

near  Denio, 

Nevada 

fcater 

Year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

m*7 

June 

July 

Aug. 

HI 

Annual 

4 

5 

5 

5 

6 

10 

16 

46 

17 

6 

3 

3 

2 

2 

3 

10 

1930 

5 

6 

6 

6 

7 

12 

16 

25 

7 

1 

1 

1 

8 

1931 

3 

4 

4 

4 

5 

9 

7 

8 

4 

1 

0 

0 

4 

1932 

7 

8 

8 

8 

10 

17 

44 

116 

49 

10 

2 

2 

23 

1933 

4 

5 

4 

6 

4 

6 

13 

32 

30 

4 

2 

2 

9 

1934 

3 

4 

4 

4 

5 

7 

11 

4 

3 

1 

0 

0 

4 

1935 

2 

3 

3 

3 

3 

S 

43 

92 

60 

10 

2 

1 

19 

1936 

3 

6 

5 

6 

5 

S 

31 

40 

19 

3 

2 

3 

11 

1937 

4 

6 

3 

4 

5 

6 

13 

59 

23 

5 

1 

2 

11 

1938 

3 

4 

7 

5 

8 

16 

68 

142 

50 

14 

4 

3 

27 

1939 

7 

8 

7 

6 

6 

17 

27 

20 

5 

2 

1 

1 

9 

1940 

3 

3 

3 

5 

6 

15 

38 

55 

11 

3 

1 

3 

12 

1941 

4 

9 

7 

6 

12 

20 

25 

68 

23 

6 

3 

3 

16 

1942 

5 

6 

5 

5 

6 

9 

43 

91 

69 

11 

4 

4 

22 

1943 

5 

7 

8 

9 

15 

27 

73 

47 

44 

14 

4 

4 

21 

1944 

6 

7 

4 

5 

6 

7 

18 

56 

31 

11 

4 

3 

13 

1945 

6 

7 

6 

6 

11 

13 

40 

109 

65 

IS 

6 

4 

24 

1946 

7 

9 

8 

9 

9 

17 

51 

43 

14 

6 

4 

4 

15 

1947 

6 

7 

7 

6 

6 

5 

17 

23 

16 

4 

1 

2 

8 

1948 

5 

6 

6 

6 

6 

6 

20 

55 

46 

11 

4 

3 

14 

1949 

6 

7 

6 

3 

4 

7 

26 

38 

13 

4 

1 

1 

10 

1950 

4 

S 

S 

5 

5 

6 

21 

44 

22 

6 

3 

3 

11 

1951 

4 

5 

7 

6 

10 

IS 

47 

59 

18 

S 

3 

3 

15 

1952 

4 

5 

5 

5 

5 

17 

105 

151 

92 

41 

9 

7 

37 

1953 

6 

6 

6 

8 

7 

11 

25 

48 

88 

15 

5 

4 

19 

1954 

6 

7 

7 

7 

7 

10 

19 

21 

9 

4 

3 

3 

9 

1955 

4 

5 

5 

5 

5 

5 

9 

30 

21 

4 

2 

2 

8 

1956 

3 

4 

6 

13 

6 

15 

38 

63 

27 

10 

3 

3 

16 

1957 

5 

8 

8 

5 

9 

24 

47 

115 

43 

10 

4 

4 

24 

1958 

6 

6 

6 

5 

21 

IS 

45 

93 

52 

15 

6 

5 

23 

Mean 

5 

6 

6 

6 

7 

12 

33 

60 

52 

8 

3 

3 

15 
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MEAN  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECONO 


I — 

Period  1929-1938 
“1970  Conditions 
Dromoge  area  934 

1 1 L 

A 

M 

Sq  Mi  M 

M 

M 

_ 

Ju 

Annual  Mean  Discharge,  eft 
Maximum  months  513  4 


Period  1929-1958  A""“<"  M,0B  °"ch<",e • c ' » 

“1970  Conditions  Maximum  months  237 

Dramoge  area  200  Sq  Mi  Maximum  yoar  201 

— 20  percent  of  time  <58 

Mean  months  H6 

80  percent  of  time 

Minimum  year 

Minimum  months 
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Figure  868  Monthly  discharge,  Silvias  River  near  Burnt,  Oregon 


Monthly  discharge,  Donner  und  Blitzen  River  neor 
Frenchglen,  Oregon 


Period  1929-1958  Annuo1  M,0B  <=  ' » 

“1970  Conditions  Maximum  months  41 

Drainage  orea:  88  Sq.  Mi.  Maximum  year  37 

— — 20  percent  of  time  22 

Mean  months  IS 

80  percent  of  time  7 

Minimum  year  4 

Minimum  months  3 


Figure  870  Monthly  direharge,  Trout  Creek  neor  Denio, 
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RECURRENCE  INTERVAL,  YEARS 

Figure  877  Frequency  curves,  Trout  Creek  neor  Demo,  Nevada 


DISCHARGE , THOUSAND  CUBIC  FEET  PER  SECOND  <§  DISCHARGE.  THOUSAND  CUBIC  FEET  PER  SECOND 


EXCEEDENCE  FREQUENCY  PER  HUNDRED  YEARS 


Figure  ®7  Frequency  curve  of  onnuol  peak  flow*,  Chewoucon  River  ar  Paisley, Ore  Figure  888  Frequency  curve 


Tabu  486  - Dependable  Yield.  Deep  Creek  above  Adel,  Oreg.  Table  487  - Dependable  Yield,  Honey  Creek  near  Plush.  Oreg. 
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Figure  891  Long  - term  variation  in  precipitation  and  streamflow 


Profiles  of  principal  streams 


Quality 


The  quality  of  water  of  surface  streams  in  Subregion  12  is 
excellent.  However,  most  of  the  lakes  in  the  subregion  are  too 
saline  for  any  domestic  or  industrial  use. 


Chemical 


Chemical-quality  data  in  the  Great  Basin  in  Oregon  are 
sparse.  With  the  exception  of  sampling  stations  operated  daily  on 
the  Silvies  River  near  Bums  and  the  Chewaucan  River  near  Paisley 
in  1911  and  1912,  no  continuous  records  are  available.  Miscellaneous 
samples  have  been  collected  at  various  times  at  several  locations  in 
the  basin  and  give  an  indication  of  the  general  chemical  quality  of 
the  waters . 

The  surface  streams  of  the  area  are  similar  in  chemical 
composition  to  most  of  the  streams  of  mountainous  origin  in  the 
State.  The  lakes  into  which  these  streams  flow,  however,  are 
greatly  different  in  chemical  character  than  the  streams  that  feed 
them.  Because  of  the  volume  change  that  takes  place  as  a result  of 
evaporation,  the  dissolved  minerals  in  the  lakes  may  be  highly  con- 
centrated, perhaps  reaching  several  hundred  times  that  of  the 
streams  which  flow  into  it.  Several  of  these  lakes  contain  water 
with  a dissolved-solids  content  in  excess  of  30,000  mg/1.  In 
addition  to  the  concentration  of  the  lake  water  resulting  from  this 
change  in  volume,  a change  in  chemical  composition  may  also  take 
place  as  a result  of  the  precipitation  of  the  less  soluble  minerals. 
The'  end  result  of  this  process  is  a very  concentrated  water  with  a 
dissolved-solids  content  consisting  almost  entirely  of  sodium, 
carbonate,  and  chloride.  The  actual  chemical  composition  of  a 
given  closed  lake  will  depend  to  a great  extent  upon  the  chemical 
character  of  the  waters  feeding  it. 


Biological-Biochemical 

Information  on  dissolved  oxygen  and  coliform  bacteria  levels 
for  the  streams  of  this  subregion  is  quite  limited.  The  available 
data  presented  in  table  493  result  from  one  or  two  samples  at  many 
of  the  locations. 

Oxygen  levels  are  generally  high  and  coliform  densities  low, 
as  would  be  expected  for  a relatively  unpopulated  area.  The  Silvies 
River  currently  receives  raw  sewage  from  the  town  of  Seneca,  and, 
as  a result,  bacterial  densities  in  the  river  below  the  community 
are  undesirable. 
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Table  493  - Dissolved  Oxygen  6 Coliform  Organisms  Densities 
Oregon  Closed  Basin  Subregion 


Location 

Dissolved  Oxygen 

mg/1 

Coliform  Organisms 
per  100  ml 

Mean 

Min 

Max 

Mean 

Min 

Max 

Donner  und  Blitzen  R.nr  French  Glen 

7.0 

6.7 

10.9 

54 

46 

94 

Silvies  R.  above  Seneca 

8.9 

7.0 

11.1 

684 

45 

2,400 

Silvies  R.  below  Seneca 

9.1 

7.7 

10.7 

6,863 

450 

13,000 

Silvies  R.  nr  Burns 

8.2 

6.0 

10.3 

947 

167 

2,400 

Chewaucan  R.  above  Mill 

- 

9.8 

10.1 

_ 

60 

62 

Chewaucan  R.  near  Paisley 

- 

9.8 

11.0 

_ 

60 

600 

Chewaucan  R.  at  Hwy  31 

- 

10.0 

10.5 

- 

60 

620 

Silver  Creek  at  Hwy  31 

9.3 

- 

- 

60 

_ 

_ 

Ana  Springs  Reservoir 

10.  S 

- 

_ 

4.5 

_ 

_ 

Lake  Abert 

5.7 

. 

_ 

4.5 

- 

_ 

Honey  Creek  at  Plush 

11.5 

- 

- 

50 

_ 

Hart  Lake  at  Plush 

8.9 

. 

_ 

700 

_ 

Crooked  Creek  nr  Valley  Falls 

8.4 

- 

2,400 

Note:  Values  reported  are  based  on  four  or  less  samples. 


The  one  value  obtained  for  dissolved -oxygen  concentrations 
in  Lake  Abert  is  less  than  saturation.  However,  considering  the 
high  chloride  content  of  the  lake  (10,000  mg/1)  and  no  appreciable 
coliform  count,  no  sanitary  problem  appears  to  exist. 

Sediment 

The  only  suspended  sediment  concentrations  measured  in  the 
subregion  were  on  Chewaucan  and  Silvies  Rivers  in  1911  and  1912. 
(17)  Sediment  yield  is  known  to  be  small  and  is  believed  to  be 
less  than  0.1  acre-foot  per  square  mile  per  year. 

Water  Temperature 

Representative  information  on  water  temperature  of  streams 
is  not  available. 


GROUND  WATER 

Subregion  12  is  underlain  largely  by  alluvial  deposits  and 
volcanic  and  sedimentary  rocks  of  Miocene  or  younger  age  that  are 
capable  of  yielding  moderate  to  large  supplies  at  many  places. 
Permeable  aquifers  are  perhaps  more  widespread  than  in  any  other 
subregion.  However,  the  availability  of  ground  water  is  limited 
by  the  depth  to  the  water,  which  is  more  than  500  feet  over  con- 
siderable areas,  and  is  more  than  1,000  feet  at  some  places.  Also, 
the  area  is  semiarid  to  arid  so  that  annual  recharge  is  small  in 
comparison  with  most  other  subregions.  Water  quality  is  generally 
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not  quite  so  good  as  in  other  subregions;  however,  dissolved 
solids  commonly  are  less  than  1,000  mg/1.  Excessive  sodium, 
boron,  and  fluoride  cause  problems  at  places.  Ground-water  tem- 
peratures generally  range  from  about  47°  to  55°F.,  but  some  wells 
yield  warm  to  hot  water.  Subregion  12  contains  the  greatest  con- 
centration of  thermal  springs  of  any  part  of  Oregon.  (193-38  to 
41  and  figure  6) 


Aquifer  Units  and  Their  Hydrologic  Characteristics 

Six  aquifer  units  have  been  delineated  in  Subregion  12  and 
are  shown  on  the  map,  figure  894.  Only  a small  part  of  the  sub- 
region  is  included  on  the  Geologic  Map  of  Oregon.  (202)  That  map 
and  various  other  maps,  made  over  a period  of  many  years,  were 
used  in  compiling  the  aquifer  unit  map.  Because  of  differences 
between  those  maps,  an  aquifer  unit  in  one  area  may  include  slightly 
different  combinations  of  formations  than  in  another  area. 

The  youngest  aquifer  units  are  the  alluvial  deposits  (QTal) 
and  the  volcanic  rocks  (QTv) , both  of  Quaternary  and  late  Pliocene 
age.  The  alluvial  deposits  consist  of  unconsolidated  gravel,  sand, 
silt,  and  clay  of  fluvial  and  lacustrine  origin.  They  occur  as 
valley  and  basin  fill  and,  because  they  underlie  low-lying  areas, 
they  generally  are  saturated.  They  are  good  aquifers  where  they 
are  coarse  grained  and  extend  a few  tens  of  feet  or  more  below  the 
water  table.  Yields  commonly  range  from  a few  hundred  to  more  than 
1,000  gpm,  and  specific  capacities  from  S to  100  gpm  per  foot. 

Where  the  deposits  are  thin  or  consist  only  of  very  fine  sand  or 
silt,  they  yield  little  water.  The  younger  volcanic  rocks  (QTv) 
consist  of  basaltic  and  andesitic  flows,  usually  open-textured  and 
vesicular  or  scoriacious.  Breccia,  agglomerate,  scoria,  cinders, 
and  ash  occur  as  interbeds.  These  rocks  form  domes  and  cones  and 
are  widespread  in  the  western  part  of  the  sub region.,..  They. .are.  the  . - 
most-permeable  'rdcks  'in ’the "subregion  and  yield  large  to  very 
large  quantities  of  water  where  several  tens  of  feet  of  the  aquifer 
unit  are  saturated.  Specific  capacities  of  the  better  wells  range 
up  to  1,000  gpm  per  foot.  However,  at  some  places  the  rocks  are 
above  the  zone  of  saturation  or  only  the  bottom  few  feet  are 
saturated. 

Sedimentary  strata  (Ts)  and  volcanic  rocks  (Tb) , both  of 
Miocene-Pliocene  age,  occur  widely  in  Subregion  12  and  contain 
important  aquifers.  Both  aquifer  units  include  many  formations 
and  these  range  widely  in  their  hydrologic  characteristics.  The 
sedimentary  strata  include  tuffaceous  siltstone  and  sandstone, 
ash,  pumice,  scoria,  sandstone,  and  conglomerate.  Locally  they 
include  incoherent  or  lightly  cemented  sand  and  gravel.  Wells  in 
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the  coarser  grained,  less  consolidated  deposits  have  moderate  to 
moderately  large  yields.  The  volcanic  rocks  are  chiefly  basaltic, 
but  include  andesitic,  dacitic,  and  rhyodacitic  flows  and  inter- 
bedded  pyroclastic  and  tuffaceous  sedimentary  rocks;  the  younger 
flows  are  more  porous  and  permeable.  Generally,  where  several 
hundred  feet  of  saturated  material  are  penetrated,  one  or  more 
aquifers  are  encountered,  and  moderately  large  to  large  yields  can 
be  obtained.  The  two  units  crop  out  in  more  than  half  the  sub- 
region  (table  495).  They  also  underlie  much  of  the  alluvial 
deposits  (QTal)  and  the  younger  volcanic  rocks  (QTv)  and  are 
important  aquifers  where  the  younger  rocks  are  thin  or  are  mostly 
above  the  zone  of  saturation.  Thus,  the  sedimentary  strata  (Ts) 
and  volcanic  rocks  (Tv)  contain  important  aquifers  in  about  75  to 
80  percent  of  the  area. 

The  older  volcanic  and  sedimentary  rocks  (Tvs)  include 
tuffaceous  shales  and  sandstones,  rhyclitic  and  dacitic  tuff,  and 
flows.  The  tuffs  commonly  are  partly  or  entirely  welded,  and  the 
pores  of  the  flow  rocks  are  filled  with  calcite  or  zeolite  so  that 
porosity  and  permeability  are  low.  Well  yields  of  10  to  100  gpm 
are  usual;  yields  of  more  than  100  gpm  are  uncommon. 

The  pre-Tertiary  rocks  (pT)  include  intrusive  igneous  rocks 
such  as  diorite,  granodiorite , and  metamorphosed  sedimentary  and 
volcanic  rocks  such  as  arkose,  graywacke,  mafic  flows,  and  schist. 
No  well  data  are  available,  but  similar  rocks  in  other  areas  yield 
small  to  very  small  quantities  of  water.  They  crop  out  over  only 
a small  area  in  mountainous  terrain  and  are  unimportant  as  aquifers 

The  aquifer  unit  map  does  not  give  a complete  picture  of 
the  geographic  distribution  of  aquifer  units.  At  many  places  a 
few  feet  to  a few  hundred  feet  of  alluvial  deposits  (QTal)  overlie 
sedimentary  strata  (Ts) , which,  in  turn,  overlie  volcanic  rocks 
(Tb) . All  three  of  these  may  be  aquifers  at  a particular  place. 

Where. inf oxroation. .is. .available , ..this  -re-1  at-i-on  - h-as  been-  shown -on 

the  map  as:  QTal/Ts/Tb,  or  QTv/Tb.  However,  at  many  places  data 
are  not  available  to  permit  showing  the  sequence  of  aquifer  units. 
Some  inferences  can  be  made,  however.  For  example,  it  is  very 
probable  that  where  the  alluvial  deposits  (QTal)  are  entirely 
surrounded  by  volcanic  rocks  (Tb) , which  are  older  than  QTal,  they 
would  be  encountered  beneath  the  alluvium. 

The  general  availability  of  ground  watef  and  the  depth  to 
the  water  table  are  shown  on  a map,  figure  895.  For  maximum 
utility,  that  map  and  the  aquifer  unit  map  should  be  used  together. 
The  descriptions  of  the  aquifer  units,  their  general  hydrologic 
characteristics,  and  the  general  quality  of  the  water  yielded  by 
them  are  given  in  table  494. 
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Table  494  - Description  of  Aquifer  Units  and  Their  Hydrologic  Characteristics,  Subregion  12 
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COLUMBIA  - NOWTM  WkCiriC 


COMWMtBBIVC  FRAMEWORK  *TUO>f 

GENERAL  AVAILABILITY  OF  GROUND  WATER 
AND  DEPTH  TO  WATER  LEVtL 

OREGON  CLOSED  BASIN 


FIGURE  695 


Table  495  - Storage,  Recharge,  and  Discharge  of  Ground  Water 
in  Aquifer  Units,  Subregion  l 2 


Area 

Storage 

Annual 

Natural  Recharge 
and  Discharge 

Aquifer 

Unit 

Sq.  Mi. 

Acres 

(TofflFs) 

Specific  Depth 
Yield  Used 

(percent)  (ft) 

Water 

(1000's 

ac-ft) 

Inches  Net 

Over  Area  (1000' s 
Gross  Net  ac-ft) 

QTal 

3,570 

2,350 

20 

100 

35,00oi/ 

2.0 

2.0 

400 

QTv 

2,790 

1,770 

5 

100 

4,400i/ 

2 

1 

150 

Ts 

3,830 

2,450 

5 

100 

12,200 

.5 

.25 

50 

Tb 

5,680 

3,640 

1 

100 

3,640 

1 

.5 

150 

Tvs 

1,640 

1,050 

2 

50 

1,000 

.5 

.25 

20 

PT 

200 

128 

1 

50 

60 

.5 

.25 

2 

TOTAL 

(rounded) 

17,700 

11,388 

56,000 

800 

T7  In  places,  the  younger  volcanic  rocks  (QTv)  and  alluvial 

deposits  (QTal)  are  entirely  above  the  water  table  or  have  only 
a few  feet  of  saturation.  It  is  assumed  that  the  volume  of 


water  in  'storage  to  the  base  of  the  aquifer  or  to  a maximum  of 
100  feet  below  the  water  table  is  equivalent  to  the  water  stored 
to  an  average  saturated  thickness  of  50  feet  in  the  QTv,  and 
75  feet  in  the  QTal,  multiplied  by  the  entire  area  of  outcrop. 


I 


j. 


i 


Water  in  Storage 

The  amount  of  water  stored  in  a specified  depth  interval 
below  the  water  table  in  each  aquifer  unit  is  given  in  table  495. 
That  table  also  gives  the  outcrop  area  of  the  aquifer  unit,  the 
estimated  specific  yield  for  the  depth  interval  used,  and  the 
depth  interval. 

Subregion  12  is  generally  a water-short  area,  ^ed  there 

appears  to  be  a greater  possibility  for  substantial  lowering  of 
the  water  table  in  this  subregion  than  in  any  other.  Therefore, 
the  water  in  storage  was  calculated  for  a saturated  depth  of 
100  feet  for, all  aquifer  units  except  the  volcanic  and  sedimentary 
rocks  (Tvs)  and  the  pre-Tertiary  rocks  (pT) . However,  an  adjust- 
ment was  required  for  the  alluvial  deposits  and  the  younger  vol- 
canic rocks  because  at  places  they  are  entirely  above  the  water 
table  or  have  only  a few  feet  of  saturation.  About  56  million 
acre-feet  of  water  is  stored  in  the  aquifers  in  Subregion  12-- 
more  than  60  percent  in  the  alluvial  deposits. 


Natural  Recharge  and  Discharge 

Because  Subregion  12  consists  of  a number  of  closed  basins, 
there  is  no  surface  outflow  from  the  subregion  except  for  a few 
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intermittent  streams  that  discharge  into  closed  basins  in  Nevada. 

The  geologic  and  hydrologic  data  indicate  that  subsurface  outflow 
probably  is  an  insignificant  factor  in  the  water  budget;  thus, 
practically  all  the  water  that  leaves  the  basin  does  so  by  evapo- 
transpiration.  The  water-level  records  available,  figure  896,  indi- 
cate that,  although  there  have  been  some  cyclic  changes  in  water 
levels  in  specific  observation  wells,  there  has  been  no  appreciable 
general  change  in  the  water  table  or  in  pressure  levels  in  confined 
aquifers  since  observations  began.  Ground-water  storage  changes 
moderately  from  season  to  season  and  slightly  from  year  to  year; 
gains  and  losses  approximately  balance  over  a period  of  several 
years;  and  precipitation  and  evapotranspiration  are  about  equal. 

Precipitation  ranges  from  more  than  30  inches  on  the  higher 
peaks  along  the  southwestern  margin  ai.a  the  northern  end  of  the 
basin  to  less  than  10  inches  in  the  basins  occupied  by  Silver, 

Summer,  Malheur,  Harney,  and  Alvord  Lakes  and  in  Cat low  Valley. 
Recharge  to  and  discharge  from  aquifers  reflect  the  combination  of 
distribution  of  precipitation  and  the  physiography  of  the  subregion. 
In  general , the  higher  areas  receiving  heavier  precipitation  con- 
tribute both  surface  and  ground  water  to  the  basin  areas  which 
collect  not  only  all  the  water  received  by  them  as  precipitation 
but  also  all  water  received  by  lateral  inflow. 

In  the  highland  areas,  bodies  of  perched  ground  water  are 
common,  and  the  perched  water  tables  may  be  only  a few  feet  below 
the  surface.  Generally,  the  perching  layers  are  slightly  permeable 
and  are  lenticular  so  that  only  part  of  the  perched  ground  water  is 
discharged  into  streams  in  the  mountains . Another  part  leaks  down- 
ward to  the  regional  water  table,  which  may  be  more  than  1,000  feet 
below  the  land  surface.  Generally,  there  are  a number  of  perched 
ground-water  zones  between  the  land  surface  and  the  water  table. 

Some  water  discharges  from  each  of  these  perched  zones  to  enter 
the  streams.  When  the  streams  reach  the  margins  of  the  basins, 
part  of  their  discharge  becomes  recharge  to  aquifers  in  the  basins. 
Ground  water  reaching  the  regional  water  table  in  the  upland  areas 
moves  laterally  to  the  basins,  where  it  is  discharged  by  evapo- 
transpiration through  springs  or  by  pumping.  Some  water  enters 
confined  aquifers  before  moving  laterally  into  the  basins  and  dis- 
charges through  flowing  wells  or  upward  leakage  through  imperfectly 
confining  beds  to  reach  the  water  table. 

The  general  circulation  of  ground  water  described  above — 
downward  and  basinward  in  the  mountainous  recharge  areas  and  upward 
in  the  discharge  areas--prevails  throughout  Subregion  12.  The 
mountains  along  the  southwest  flank  of  the  subregion,  the  Blue 
Mountains  north  of  Bums,  Steens,  Hart,  and  Warner  Mountains,  and 
the  south  end  of  Abert  Rim--all  are  recharge  areas.  Silver,  Summer, 
Abert,  Warner,  Harney,  Malheur,  and  Alvord  Lakes  Basins  are  primarily 
discharge  areas.  In  the  discharge  areas,  recharge  from  local 
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precipitation  plus  recharge  from  lateral  and  upward  flow  is 
balanced  by  evapotranspiration  and  the  position  of  the  water  table 
reflects  this  balance.  The  water  table  is  less  than  10  feet  below 
the  land  surface  over  wide  areas  in  these  basins.  A relation 
between  the  depth  of  the  water  table  and  evaporation  from  the  water 
table,  based  on  experimental  data  for  a sandy  loam  and  a clay  soil, 
is  given  by  Bower.  (5,  figure  1)  Measurable  evaporation  occurred 
from  both  soils  when  the  water  table  was  at  depths  exceeding  10  feet. 
According  to  this  data,  the  daily  rates  of  evaporation  are  about 
0.01  to  0.02  inch  per  day  when  the  water  table  was  at  a depth  of 
10  feet,  0.05  to  0.08  inch  per  day  when  the  water  table  was  at  a 
depth  of  S feet,  and  0.2  to  0.5  inch  per  day  when  the  water  table 
was  at  a depth  of  2 feet.  Of  course,  these  data  cannot  be  trans- 
lated quantitatively  from  experiments  to  large  basins,  but  they  do 
indicate  that  substantial  quantities  of  water  are  lost  by  evaporation 
from  the  water  table  where  it  is  near  the  surface.  This  relation 
results  in  a rather  close  balance  between  recharge  and  discharge. 

An  increase  in  recharge  results  in  a rising  water  table  which  causes 
an  increase  in  evaporation  discharge  from  the  water  table  to  balance 
the  increased  recharge. 

Average  annual  recharge  in  Subregion  12  was  estimated  on  the 
basis  of  water  table  fluctuations  and  discharge  data  of  streams 
draining  the  surrounding  mountains  and  uplands.  As  explained 
previously,  some  of  the  water  that  recharges  the  basalt  and  sedi- 
mentary rocks  in  upland  areas  discharges  through  stream  or  by  ground- 
water  flow  and  becomes  recharge  to  alluvial  deposits  (QTal)  in  basin 
areas.  It  was  assumed* that  one-half  of  the  discharge  from  all  other 
aquifer  units  (QTv,  Ts,  Tb,  Tvs,  and  pT)  becomes  recharge  to  the 
alluvial  deposits.  Recharge  and  discharge  are  given  in  columns  7, 

8,  and  9 in  table  495.  The  gross  recharge  and  discharge  in  inches 
over  the  area  for  each  aquifer  unit  is  given  in  column  7.  The  net 
recharge — that  is,  the  amount  that  was  not  contributory  to  other 
aquifers  in  the  subregion--is  given  in  columns  8 and  9.  The  average 
annual  net  recharge  and  discharge  for  aquifer  units  in  the  subregion 
totals  about  800,000  acre-feet. 


Annual  Ground-Water  Withdrawal 


Withdrawal  by  pumpage  is  given  in  table  496.  Total  annual 
withdrawal  is  about  70,000  acre-feet,  about  8 or  9 percent  of  the 
natural  recharge. 

Chemical  Quality  of  Water 

The  chemical  quality  of  ground  water  varies  widely;  dissolved- 
solids  content  is  less  than  1,000  mg/1  in  75  to  80  percent  of  the 
wells  and  springs  sampled,  but  is  more  than  5,000  mg/1  in  some 
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samples.  Percent  sodium  exceeded  50  in  more  than  half  of  the 
samples  and  was  more  than  90  in  some  samples.  Boron  is  excessive 
at  many  places.  Water  temperatures  generally  range  from  48°  to 
55°F.,  but  some  wells  and  springs  yield  warm  to  hot  water. 


Present  Use  and  Future  Availability 

Present  use  of  ground  water  is  based  on  data  for  1965  to 
1967  projected  to  the  base  period  of  1970.  Projection  of  munic- 
ipal, domestic,  and  industrial  use  is  based  on  estimated  population 
growth.  Irrigation  use  was  on  the  basis  of  past  rates  of  increase, 
modified  for  special  situations.  Ground-water  withdrawal  and  the 
amount  used  consumptively  are  given  in  table  496.  Because  some  of 
the  return  flow  may  be  into  streams , net  ground-water  withdrawal 
may  exceed  consumptive  use.  Generally,  however,  in  most  areas 
where  significant  amounts  of  ground  water  are  withdrawn,  a large 
part  of  the  water  not  used  consumptively  returns  to  the  ground. 
Present  ground-water  withdrawal  is  estimated  to  be  about  70,000  acre 
feet,  and  consumptive  use  about  30,000  acre-feet  annually.  Net  with 
drawal  is  slightly  more  than  consumptive  use,  but  probably  does  not 
exceed  40,000  acre-feet,  about  5 percent  of  the  net  natural  annual 
discharge  from  the  aquifers  in  the  area.  Furthermore,  in  comparison 
with  the  volume  of  water  in  storage  in  the  upper  100  feet  of 
saturation,  the  present  use  is  insignificant. 

Large  areas  underlain  by  aquifer  units  known  to  be  produc- 
tive at  other  places  in  the  subregion  are  unexplored.  The  general 
availability  of  ground  water  is  indicated  in  figure  895,  which 
delineates  areas  in  which  wells  within  specified  ranges  in  yield 
can  generally  be  obtained.  It  should  not  be  inferred  that  all 
wells  in  the  area  will  have  yields  within  the  specified  range; 
however,  most  of  them  pTobably  will.  It  should  be  noted  that  the 
areas  delineated  are  rather  closely  related  to  depth-to-water  zones. 
This  suggests  that  adjacent  areas  may  also  be  underlain  by  permeable 
aquifers;  but,  because  of  the  greater  depth  to  water,  the  water 
yielding  ability  has  never  been  proven  by  production  wells. 

Figure  895  also  shows  a few  wells  and  depths  to  the  water 
table  in  areas  where  data  were  too  sparse  for  delineating  depth 
ranges.  A few  of  the  larger  springs  also  are  shown. 

Some  of  the  deterrents  to  development  result  from  the  high 
altitude,  the  short  growing  season,  and  the  considerable  depth  to 
water  in  much  of  the  area  shown  in  figure  895.  Some  water  samples 
had  excessive  dissolved  solids,  sodium,  or  boron;  and  these  waters 
are  not  entirely  suitable  for  irrigation. 
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Table  496  - Estimated  Ground- Water  Withdrawal  and  Consumptive  Use 

Subregion  12,  1970 


Ac-ft  per  year;  all  quantities  in  thousands 


Irrigation 

Acres  irrigated  18 

Withdrawal  60 

Consumptive  use  30 

Industrial 

Withdrawal  . 6 

Consumptive  use  — ' *3 

Public  Supplies 

Persons  served  6 

Withdrawal  . 2.5 

Consumptive  use  *5 

Rural-Domestic 

Persons  served  4 

Withdrawal  !/  .45 

Consumptive  use  — ' »22 

Stock 

Withdrawal  and 

consumptive  use  • 12 


TOTAL  WITHDRAWAL  (rounded)  70 

TOTAL  CONSUMPTIVE  USE  (rounded)  30 


1/  Self-supplied  industrial. 

2/  Assumed  to  be  5 percent  of  gross  withdrawal. 
3/  Assumed  to  be  20  percent  of  gross  withdrawal. 
7/  Estimated  use  100  gallons  per  day  per  person. 
5/  Assumed  to  be  50  percent  of  gross  withdrawal. 
7/  Assumed  that  all  water  withdrawn  is  consumed. 
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Artificial  Recharge 

There  is  no  known  artificial  recharge  of  aquifers  in 
Subregion  12  at  the  present  time.  However,  the  late  Tertiary  and 
Quaternary  volcanics  (QTv)  and  Tertiary  basalt  (Tb)  are  partly  or 
entirely  above  the  water  table  over  extensive  areas  and  are  suit- 
able for  artificial  recharge.  Storage  space  is  available  for  many 
millions  of  acre-feet  of  water. 


Water  Rights 

Subregion  12  consists  essentially  of  the  Malheur  and  Summer 
Lake  Basins  (Oregon  Water  Resources  Board  Basins  12  and  13,  minus 
Goose  Lake  Basin,  plus  a small  part  of  Basin  11).  Primary  water 
rights  for  231  wells  are  on  file  with  the  State  Engineer's  Office 
as  of  March  1967.  Prime  rights  allow  withdrawal  of  99,407  acre-feet 
a year,  of  which  85,768  acre-feet  is  for  irrigation  of  28,589  acres. 
The  maximum  rate  of  withdrawal  is  322  cfs  (144,000  gpm)  during  the 
irrigation  season.  Data  on  supplemental  water  rights  are  not  avail- 
able. Ground-water  rights  are  summarized  by  major-use  category  in 
table  497. 


Tabu  497  - Stmaury  of  Ground-Mater  Rights,  Subregion  12.  1967 


gr 

Basin 

Home 

KIT  ' 

ot 

Hell* 

Domestic 

Municipal 

Industrial 

Irrigation 

Total 

Tac-ftT 

1,903 

11 

Ofcyliwi/ 

3 

(»c-rO 

0 

(ac-tt) 

0 

(ac-ft) 

319 

(acres) 

S2B 

(aTftT 

1.SB4 

(ac-ft) 

0 

12 

Malheur  Lake 

127 

12B 

2,737 

9,61S 

16,339 

49,01 B 

0 

61.49B 

13 

Goose  and 
Summer  lokeelf 

101 

23 

0 

1B7 

11.722 

3S.166 

630 

36.006 

TOTAL 

231 

1S1 

2,737 

10,121 

2S.SB9 

BS.76B 

630 

99.407 

1/  That  portion  of  Owyhee  basin  within  tha  subregion. 
£/  Minus  tha  Coosa  Lake  Basin. 


RELATIONSHIP  BETWEEN  SURFACE  AND  GROUND  WATER 

Subregion  12  is  fringed  by  a number  of  fairly  high  mountains 
that  receive  20  to  30  inches  of  rainfall  annually.  In  some  of  these 
high  areas , ground  water  is  effluent  to  the  streams  throughout  the 
year.  Generally,  the  streams  become  influent  to  the  ground  water 
immediately  upon  reaching  the  margin  of  the  basin  ot  lowland  and 
gradually  diminish  in  discharge.  In  wet  seasons  and  in  wet  cycles, 
sane  of  the  streams  maintain  a flow  to  the  central  part  of  the 
basin  where  they  discharge  into  temporary  or  permanent  lakes.  During 
dry  seasons,  because  of  stream  channel  losses,  evapotranspiration, 
and  diversions  for  irrigation,  they  may  not  even  reach  the  margin  of 
the  lowland.  The  ground-water  contribution  to  two  streams  in  the 
subregion  is  illustrated  by  the  hydrographs  shown  on  figure  897. 

The  probable  ground-water  component  of  each  of  these  streams  usually 
ranges  between  30  and  100  cfs. 

Some  streams  are  almost  entirely  supported  by  discharge  of 
springs,  as  Ana  River  near  Summer  Lake  and  Bridge  Creek  near 
Frenchglen. 
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Figure  897  Hydrographs  showing  low-flow  characteristics  of  selected  streams 


BIBLIOGRAPHY 


■ 


1.  Anderson,  K.  E.,  Geology  and  Ground-Water  Resources  of  the 
Rathdrum  Prairie  Project  and  Contiguous  Area,  Idaho-Washington, 

U.S.D.I.  Bureau  of  Reclamation  unpublished  report,  1951. 

2.  Beard,  L.  R.,  Statistical  Methods  in  Hydrology,  U.  S.  Army, 

Corps  of  Engineers,  1962. 

3.  Beattie,  Byron,  Harvesting  the  National  Forest  Water  Crop, 

U.S.D.A.,  Forest  Servi ce , Paper  Presented  at  the  36th  Annual 
Convention  of  the  National  Reclamation  Association,  Honolulu, 

Hawaii,  1967. 

4.  Bodhaine,  G.  L.,  and  others.  The  Role  of  Water  in  Shaping  the 
Economy  of  the  Pacific  Northwest,  Pacific  Northwest  Economic 
Base  Study  for  Power  Markets,  vol.  II,  pt.  10,  U.S.D.I. 

Bonneville  Power  Administration,  1965. 

5.  Bower,  C.  A.,  Salinity  Control  in  Irrigation  Agriculture, 

Salinity  Laboratory,  Agr.  Research  Service,  U.S.D.A. 

(Presented  at  seminar  on  water  logging  and  salinity  problems, 

Nov.  1964,  Lahore,  West  Pakistan. ) 

6.  Brietkrietz,  Alex,  Basic  Water  Data  Report  No.  1,  Miss.oula 
Valley.  Montana.  Montana  Bureau  of  Mines  and  Geology  Bulletin 
37,  1964, 

7.  Brown,  C.  E.,  and  Thayer,  T.  P.,  Geologic  Map  of  the  Canyon  ( 

City  Quadrangle,  Northeastern  Oregon,  U.S.D.I.  Geological 

Survey  Misc.  Geol.  Inv.  Map  1-447,  1966. 

8.  Brown,  S.  G.,  Occurrence  of  Ground  Water  near  Ana  Springs, 

Lake  County.  Oregon.  U.S.D.I.  Geological  Survey  Open-File 
Report,  1957. 

9.  Brown,  S.  G.,  Problems  of  Utilizing  Ground  Water  in  the  West- 
Side  Business  District  o£  Portlandl  Oregon,  U.S.D.I.  Geological 
Survey  Water-Supply  Paper  1619-0,  1963. 

10.  Brown,  S.  G.,  and  Newcomb,  R.  C.,  Ground-Water  Resources  of  I 

Cow  Valley,  Malheur  County,  Oregon,  U.S.D.I.  Geological  Survey 

Water-Supply  Paper  1619-M,  1962. 

11.  Brown,  S.  G.,  and  Newcomb,  R.  C.,  Ground-Water  Resources  of 
the  Coastal  Sand-Dune  Area  North  of  Coos  Bay,  Oregon, 

U.S.D.I.  Geological  Survey  Water-Supply  Paper  1619-D,  1963. 


993 


f 


12.  Burnham,  W.  L.,  and  others.  Ground  Water  Conditions  in  Idaho, 
Idaho  Department  of  Reclamation,  Water  Information  Bulletin  1, 
1966. 

13.  California  Water  Pollution  Control  Board,  Water  Quality 
Criteria,  Publication  3-A,  1963. 

14.  Calkins,  F.  C.,  Geology  and  Water  Resources  of  a Portion  of 
East-Central  Washington,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  118,  1905. 

15.  Carr,  J.  K.,  Alternate  Plan  for  Mountain  Home  Project,  Idaho. 
Memorandum  Report  on  an  Alternate  Plan,  Mountain  Home 
Irrigation  Project,  Idaho,  Committee  on  Interior  and Insular 
Affairs,  Print  No.  4,  83d  Congress  1st  Session  1953. 

16.  Columbia  Basin  Inter-Agency  Committee,  Streamflow  Depletion, 
Columbia  River  Basin,  Water  Management  Subcommittee,  CBIAC, 
Portland,  Oregon,  1957. 

17.  Columbia  Basin  Inter-Agency  Committee,  Inventory  of  Published 
and  Unpublished  Sediment-Load  Data  in  the  Pacific  Northwest, 
7961,  Water  Supply  and  Water  Pollution  Control  Subcommittee, 
CBIAC,  Portland,  Oregon,  1962. 

18.  Columbia  Basin  Inter-Agency  Committee,  Bibliography  of 
Published  Climatological  Data,  Columbia  Basin  States, 
Meteorology  Subcommittee,  CBIAC,  Portland,  Oregon,  1965. 

19.  Columbia  Basin  Inter-Agency  Committee,  River  Mile  Indexes, 
Columbia  River  Basin,  Hydrology  Subcommittee,  CBIAC,  Portland, 
Oregon,  1963-1968. 

20.  Corcoran,  R.  E.,  and  others.  Geology  of  the  Mitchell  Butte 
Quadrangle,  Oregon,  Oregon  Department  of  Geology  and  Mineral 
Industries  Geol.  Map  Series  GMS-2,  1962. 

21.  Crosthwaite,  E.  G.,  Ground-Water  Possibilities  South  of  the 
Snake  River  Between  Twin  Falls  and  Pocatello,  Idaho,  U.S.D.I . 
Geological  Survey  Water-Supply  Paper  1460-C,  p.  99-145,  1957. 

22.  Crosthwaite,  E.  G.,  Ground-Water  Reconnaissance  in  Round 
Valley,  Custer  County,  Idaho,  U.S.D.I.  Geological  Survey 
Open-File  Report,  1962. 

23.  Crosthwaite,  E.  G.,  Ground-Water  Reconnaissance  of  the  Sailor 
Creek  Area,  Owyhee,  Elmore,  and  Twin  Falls  Counties,  Idaho, 
U.S.b.I.  Geological  Survey  Open-File  Report,  1963. 


994 


24.  Crosthwaite,  E.  G.,  and  George,  R.  S.,  Reconnaissance  of  the 
Water  Resources  of  the  Upper  Lemhi  Valley,  Lemhi  County, 

Idaho,  U.S.D.I.  Geological  Survey  Open-File  Report,  1965. 

25.  Crosthwaite,  E.  G.,  Mundorff,  M.  J.,  and  Walker,  E.  H., 

Ground- Water  Aspects  of  the  Lower  Henrys  Fork  Region,  Idaho, 
U.S.D.I.  Geological  Survey  Open-File  Report,  1967. 

26.  Crosthwaite,  E.  G.,  and  Scott,  R.  C.,  Ground  Water  in  the 
North  Side  Pumping  Division,  Minidoka  Project,  Minidoka 
County,  Idaho,  U.S.D.I.  Geological  Survey  Circular  371,  1956. 

27.  Eakin,  T.  E.,  Ground-Water  Resources  of  the  Waterville 
Area,  Douglas  County,  Washington,  U.S.D.I.  Geological Survey 
Open-File  Report,  1946. 

28.  Eakin,  T.  E.,  Ground-Water  Appraisal  of  Independence  Valley, 
Western  Elko  County,  Nevada,  Nevada  Department  of  Conservation 
and  Natural  Resources,  Ground-Water  Reconnaissance  Series 
Report  No.  8,  1962. 

29.  Fader,  S.  W.,  Water  Levels  in  Wells  and  Lakes  in  Rathdrum 
Prairie  and  Contiguous  Areas,  Bonner  and  Kootenai  Counties, 
Northern  Idaho,  uTs.D.I.  Geological  Survey  Open-File  Report, 
1951. 


30.  Flaxman,  E.  M.,  and  High,  R.  D.,  Sedimentation  in  Drainage 
Basins  of  the  Pacific  Coast  States, 

U.S.D.A.  1955. 

31.  Fowler,  K.  H.,  Preliminary  Report  on  Ground  Water  in  the 
Salmon  Falls  Area,  TVin  Falls County,  Idaho,  U.S.D.I. 
Geological  Survey  Circular  436,  1960. 

32.  Foxworthy,  B.  L.,  Geology  and  Ground-Water  Resources  of  the 
Ahtanum  Valley,  Yakima  County,  Washington,  U.S.D.I. 
Geological  Survey  Water-Supply  Paper  1598,  1962. 

33.  Foxworthy,  B„  L.,  and  Bryant,  C.  T.,  Artificial  Recharge 
Through  a Well  Tapping  Basalt  Aquifer  at  The  Dalles,  Oregon, 

lical  Su 


U.S.DTi.  Geological  Survey  Water-Supply  Paper  1594-E,  1967 

34.  Foxworthy,  B.  L.  and  Washburn,  R.  L.,  Reconnaissance 
Investigation  of  Ground  Water  in  the  Wellpinit  AreaT  Stevens 
County,  Washington,  U.S.D.I.  Geological  Survey  Open-File 
Report,  1957. 

35.  Foxworthy,  B.  L.,  and  Washburn,  R.  L.,  Ground  Water  in  the 
Pullman  Area,  Whitman  County,  Washington,  U.S.D.I.  Geological 
Survey  Water-Supply  Paper  1655,  19637 


995 


36.  Garling,  M.  E.,  Molenaar,  Dee,  and  others,  Water  Resources 
and  Geology  of  the  Kitsap  Peninsula  and  Certain  Adjacent 
Islands,  Washington  Division  of  Water  Resources  Water 
Supply  Bulletin  No.  18,  1965. 

36A.  Frank,  F.  J.,  Ground  Water  in  the  Clatsop  County  Sand  Dunes, 
U.S.D.I.  Geological  Survey  Open-File  Report,  April  1968. 

37.  Gilluly,  James,  Geology  and  Mineral  Resources  of  the  Baker 
Quadrangle,  Oregon,  U.S.D.I.  Geological  Survey  Bulletin  879, 
1537! 

38.  Goldblatt,  E.  L.,  Van  Denburgh,  A.  S.,  and  Marsland,  R.  A., 

The  Unusual  and  Widespread  Occurrence  of  Arsenic  in  Well 
Waters  of  Lane  County,  Oregon,  Lane  County  Department  of 
Health,  1963. 

39.  Griffin,  W,  C.,  Sceva,  J.  E.  Swenson,  H.  A.,  and  Mondorff, 

M.  J.,  Water  Resources  of  the  Tacoma  Area,  Washington, 

U.S.D.I.  Geological  Survey  Water-Supply  Paper  1499-B,  1962. 

40.  Griffin,  W.  C.,  Watkins,  F.  A.,  Jr.,  and  Swenson,  H.  A., 

Water  Resources  of  the  Portland,  Oregon  and  Vancouver, 
Washington  Area.  U.S.D.I.  Geological  Survey  Circular  372,  1956. 

41.  Hadley,  R.  F.,  Hydrology  of  Stock-Water  Development  in  South- 
eastem  Idaho,  U.S.D.I.  Geological  Survey  Water-Supply  Paper 
1475-P,  p.  563-599,  1963. 

42.  Hampton,  E.R.  Ground  Water  in  the  Coastal  Dune  Area  Near 
Florence,  Oregon,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  1539- K,  1963. 

43.  Hampton,  E.  R.,  Records  of  Wells,  Water  Levels,  and  Chemical 
Quality  of  Ground  Water  in  the  Molalla-Salem  Slope  Area, 
Northern  Willamette  Valley,  Oregon,  Oregon  Ground-Water 
Report  No.  2,  1963. 

44.  Hampton,  E.  R. , Geologic  Factors  that  Control  the  Occurrence 
and  Availability  of  Ground  Water  in  the  Fort  Rock  Basin,  Lake 
County,  Oregon,  U.S.D.I.  Geological  Survey  Professional  Paper 
383- B,  1964“ 

45.  Hampton,  E.  R.,  Evaluation  of  Potential  Sources  of  Water  in 
Crater  Lake  National  Park,  Oregon,  U.S.D.I.  Geological  Survey 
ftpen-File  Report,  1967. 

46.  Hampton,  E.  R.,  and  Brown,  S.  G.,  Geology  and  Ground-Water 
Resources  of  the  Upper  Grande  Ronde  River  Basin,  Union  County, 
Oregon . U.S.D.I.  Geological  Survey  Water-Supply  Paper  1597, 
1964. 


i 


47. 


Hart , D . H . , Tests  of  Artesian  Wells  in  the  Cold  Creek  Area, 
Washington,  U.S.D.I.  Geological  Survey  Open-File  Report,  1958. 

48.  Hart,  D.  H.,  and  Newcomb,  R.  C.,  Geology  and  Ground  Water  of 
the  Tualatin  Valley,  Oregon,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  1697,  1965. 

49.  Haushild,  W.  L.,  and  others.  Radionuclide  Transport  of  the 
Columbia  River,  Pasco  to  Vancouver,  Washington  Reach,  U.S.D.I. 
Geological  Survey  Open  File  Report,  p.  16-42,  1966. 

50.  Highsmith,  R.  M. , Jr.,  and  Leverenz,  J.  M.,  Atlas  of  the 
Pacific  Northwest  Resources  and  Development,  Oregon  State 
University  Press  (Corvallis),  1962. 

51.  Hodge,  E.  T.,  Geology  of  North  Central  Oregon,  Oregon 
University  Studies  in  Geology  No.  3,  1942,  Eugene,  Oregon. 

52.  Hogenson,  G.  M.,  Geology  and  Ground  Water  of  the  Umatilla 
River  Basin,  Oregon,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  1620,  1964° 

53.  Hogenson,  G.  M. , and  Foxworthy,  B.  L.,  Ground  Water  in  the 
East  Portland  Area,  Oregon,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  1793,  1965. 

54.  Huntting,  M.T.,  and  others.  Geologic  Map  of  Washington, 
Washington  Division  of  Mines  and  Geology,  1961. 

55.  Ioms,  W.  V.,  Hembree,  C.  H.,  and  Oakland,  G.  L.,  Hydrologic 
Techniques  and  Criteria  Used  in  Appraising  Surface-Water 
Resources  in  Water  Resources  of  the  Upper  Colorado  River  Basin, 
U.S.D.I.,  Geological  Survey  Professional  Paper  441,  p.  41-63, 
1965. 

56.  Johnson,  A.  I.,  Specific  Yield-Compilation  of  Specific  Yields 
for  Various  Materials,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  1562-0,  1967. 

57.  Kilbum,  Chabot,  Ground  Water  for  Irrigation  in  the  Upper  Part 
of  the  Teton  Valley,  Teton  Counties,  Idaho  and  Wyoming, 

U.S.D. ^.‘“Geological  Survey  Water-Supply  Paper  1789,  1964. 

58.  Xinnison,  H.  B.,  and  Sceva,  J.  E.,  Effects  of  Hydraulic  and 
Geologic  Factors  on  Streamflow  of  the  Yakima  River  Basin, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  1595,  1963. 

59.  Kirkhaa,  V.  R.  D.,  Ground  Water  for  Municipal  Supply  at  Saint 

Maries,  Idaho,  Idaho  Bureau  of  Mines  and  Geology  Pamphlet  17, 
T5267  


997 


60.  Kirkham,  V.  R.  D.,  Ground  Water  for  Municipal  Supply  at 
Potlatch,  Idaho,  Idaho  Bureau  of  Mines  and  Geology 
Pamphlet  23,  1927. 

61.  Kirkham,  V.  R.  D.,  Underground  Water  Resources  in  the  Vicinity 
of  Orofino  and  Lapwai,  Iaaho,  Idaho  Bureau  of  Mines  and 
Geology  Pamphlet  24,  1927. 

62.  Konizeski,  R.  L.,  McMurtrey,  R.  G.,  and  Brietkrietz,  Alex, 
Preliminary  Report  on  the  Geology  and  Ground-Water  Resources 
of  the  Northern  Part  of  the  Deer  Lodge  Valley,  Montana, 

Montana  Bureau  of  Mines  and  Geology  Bulletin  21,  1961. 

63.  Konizeski,  R.  L.,  McMurtrey,  R.  G.,  and  Brietkrietz,  Alex, 
Preliminary  Report  on  the  Geology  and  Ground-Water  Resources 
of  the  Southern  Part  of  the  Deer  Lodge  Valley,  Montana^ 

Montana  Bureau  of  Mines  and  Geology  Bulletin  31,  1962. 

64.  Laird,  L.  B.,  Chemical  Quality  of  the  Surface  Waters  of  the 
Snake  River  Basin,  U.S.D.I.  Geological  Survey  Professional 
Paper  417-D,  1964. 

65.  Laird,  L.  B.,  Eastern  Washington  Floods  of  December  21-31, 

1964  and  January  27-February  1,  1965,  Report  of  Meeting  on 
Erosion  and  Sedimentation,  1964-65  Flood  Season,  Columbia 
Basin  Interagency  Committee,  p.  19-22,  1965. 

66.  Laird,  L.  B.,  and  Walters,  K.  L.,  Municipal,  Industrial,  and 
Irrigation  Water  Use  in  Washington,  1965,  U.S.D.I.  Geological 
Survey  Open-File  Report,  1967. 

67.  Liesch,  B.  A.,  Price,  C.  E.,  and  Walters,  K.  L.,  Geology 
and  Ground-Water  Resources  of  Northwestern  King  County, 
Washington,  Washington  Division  of  Water  Resources  Water 
Supply  Bulletin  20,  1963. 

68.  Littleton,  R.  T.,  and  Crosthwaite,  E.  G.,  Ground-Water 
Geology  of  the  Bruneau-Grand  View  Area,  Owyhee  County, 

Idaho”  U.S.D.I.  Geological  Survey  Water-Supply  Paper  1460-D, 
p.  14?- 198,  1957. 

69.  Love,  J.  D.,  Weitz,  J.  L.,  and  Hose,  R.  K.,  Geologic  Map  of 
Wyoming,  U.S.D.I.  Geological  Survey,  1955 

70.  Lystrom,  D.  J.,  Nees,  W.  L.,  and  Hampton,  E.  R.,  Ground  Water 
of  Baker  Valley,  Baker  County,  Oregon.  U.S.D.I.  Geological 
Survey  Hydrologic  Investigations  Atlas  HA-242,  1967. 

71.  MacKichan,  K.A.,  and  Kammerer,  J.C.,  Estimated  Use  of  Water 

in  the  United  States.  U.S.D.I.  Geological  Survey  Circular  456, 
1961. 


998 


72. 


Malde,  H.  E.,  Powers,  H.  A.,  and  Marshall,  C.  H.,  Reconnaissance 
Geologic  Map  of  West-Central  Snake  River  Plain,  Idaho,  U.S.D.I. 
Geological  Survey  Miscellaneous  Geologic  Investigations, 

Map  I -*373,  1963. 

73.  McConnell,  J.  B.,  Chemical  Quality  Investigations  of  Surface 
Water  in  Idaho,  1965-66,  U.S.D.I.  Geological  Survey  Open-File 
Report,  1967. 

74.  McMurtrey,  R.  G.,  Konizeski,  R.  L.,  and  Brietkrietz,  Alex, 
Geology  and  Ground-Water  Resources  of  the  Missoula  Basin, 
Montana,  Montana  Bureau  of  Mines  and  Geology  Bulletin  47 r 1965. 

75.  McMurtrey,  R.  G.,  Konizeski,  R.L.,  and  Stermitz,  Frank, 
Preliminary  Report  on  the  Geology  and  Water  Resources  of  the 
Bitterroot  Valley,  Montana,  Witn  a Section  on  Chemical 
Quality  of  Water  by  H.  A.  Swenson,  Montana  Bureau  of  Mines 
and  Geology  Bulletin  9,  1959. 

76.  Meier,  M.  F.,  Distribution  and  Variation  of  Glaciers  in  the 
United  States  Exclusive  of  Alaska,  International  Association 
of  Science  Hydrology  Publication  54,  1963. 

77.  Meinzer,  0.  E.,  Artesian  Water  for  Irrigation  in  Little 
Bitterroot  Valley,  Montana,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  400-B,  p.  9-37,  1916. 

78.  Meinzer,  .0.  E.,  Ground  Water  in  the  Pahsimeroi  Valley,  Idaho. 
Idaho  Bureau  of  Mines  and  Geology  Pamphlet  9,  1924. 

79.  Montgomery,  K.  M.,  Preliminary  Geologic  Map  of  Nevada, 

U.S.D.I.  Geological  Survey  unpublished  map,  1965. 

80.  Mundorff,  M.  J.,  Ground  Water  in  Birch  Creek  Valley,  Idaho, 
U.S.D.I.  Geological  Survey  Open-File  Report,  1962. 

81.  Mundorff,  M.  J.,  The  Feasibility  of  Artificial  Recharge  in 
the  Snake  River  Basin,  Idaho,  U.S.D.I.  Geological  Survey 
Open-File  Report,  1962. 

82.  Mundorff,  M.  J.,  Geology  and  Ground-Water  Conditions  of  Clark 
County,  Washington,  Witn  a Description  of  a Major  Alluvial 
Aquifer  Along  the  Columbia  River,  U.S.D.I.  Geological  Survey 
Water-Supply  Paper  1600,  1964. 

83.  Mundorff,  M.  J.,  Ground  Water  in  the  Vicinity  of  American 
Falls  Reservoir,  Idaho,  U.S.D.I.  Geological  .Survey  Water- 
Supply  Paper  1846,  1967. 

84.  Mundorff,  M.  J.,  and  Bodhaine,  G.  L.,  Investigation  of  the 
Rise  in  the  Level  of  Soap  Lake  at  Soap  Lake,  Washington, 

U.S.b.I.  Geological  Survey  Open-File  Report,  1954. 


♦ 


wm 


999 


85.  Mundorff,  M.  J.,  Broom,  H.  C.,  and  Kilburn,  Chabot,  Reconnaissance 
of  the  Hydrology  of  the  Little  Lost  River  Basin,  U .S .D . I . 
Geological  Survey  Water-Supply  Paper  1539-Q,  1963. 

86.  Mundorff,  M.  J.,  Crosthwaite,  E.  G.,  and  Kilburn,  Chabot, 

Ground  Water  for  Irrigation  in  the  Snake  River  Basin  in  Idaho, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  1654,  1964. 

87.  Mundorff,  M.  J.,  Reis,  D.  J.,  and  Strand,  J.  R.,  Progress 
Report  on  Ground  Water  in  the  Columbia  Basin  Project,  Washington, 
U.S.D.I.  Geological  Survey  Open-File  Report,  1952. 

88.  Mundorff,  M.  J.,  and  Sisco,  H.  G.,  Ground  Water  in  the  Raft 
River  Basin,  Idaho,  with  Special  Reference  to  Irrigation  Use, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  1619-CC,  1963. 

89.  Mundorff,  M.  J.,  and  Travis,  W.  I.,  Water  Supply  for  a Fish- 
Hatching  Site,  Clearwater  Valley,  Idaho,  U.S.D.I.  Geological 
Survey  Open-File  Report,  1962. 

90.  Mundorff,  M.  J.,  Weigle,  J.  M.,  and  Holmberg,  G.  D.,  Ground 
Water  in  the  Yelm  Area,  Thurston  and  Pierce  Counties,  Washing- 
ton, U.S.D.I.  Geological  Survey  Circular  356,  1955. 

9 1 . Murray , C . R . , Estimated  Use  of  Water  in  the  United  States, 
U.S.D.I.  Geological  Survey  Circular  556,  1968. 

92.  Nace,  R.  L.,  and  Fader,  S.  W.,  Records  of  Wells  on  Rathdrum 
Prairie,  Bonner  and  Kootenai  Counties,  Northern  Idaho, 

U.S.D.I.  Geological  Survey  Open-File  Report,  1951. 

93.  Nace,  R.  L.,  and  others.  Water  Resources  of  the  Raft  River 
Basin,  Idaho-Utah,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  1587,  1961. 

94.  Nace,  R.  L.,  West,  S.  W.,  and  Mower,  R.  W. , Feasibility  of 
Ground-Water  Features  of  the  Alternate  Plan  for  the  Mountain 
Home  Project,  Idaho,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  1376,  1957. 

95.  Newcomb,  R.  C.,  Ground  Water  in  the  South  Bay  Area,  Grays 
Harbor,  Washington,  U.S.D.I.  Geological  Survey  Open-File 
Report,  1947. 

96.  Newcomb,  R.  C.,  Ground- Water  Resources  of  Snohomish  County, 
Washington,  U.S.D.I.  Geological  Survey  Water-Supply  Paper  1135, 
1952. 

97.  Newcomb,  R.  C.,  Ground-Water  Available  for  Irrigation  in  the 
Fort  Rock  Basin,  Northern  Lake  County,  Oregon,  U.S.D.I. 

Geological  Survey  Open-File  Report,  1953. 


1000 


98.  Newcomb,  R.  C.,  Ground  Water  of  the  Columbia  Basin,  U.S.D.I. 
Geological  Survey  Open-File  Report,  1959. 

99.  Newcomb,  R.  C.,  Ground  Water  in  the  Western  Part  of  the  Cow 
Cveek  and  Soldier  Creek  Grazing  Units,  Malheur  County,  Oregon, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  1475-E  p.  159- 
172,  1961. 

100.  Newcomb,  R.  C.,  Storage  of  Ground  Water  Behind  Subsurface  pamt 
in  the  Columbia  River  Basalt,  Washington,  Oregon,  and  Idaho, 
U.S.D.I.  Geological  Survey  Professional  Paper  383-A,  1961. 

101.  Newcomb,  R.  C.,  Geology  and  Ground-Water  Resources  of  the 
Walla  Walla  River  Basin,  Washington-Oregon,  Washington 
Division  of  Water  Resources,  Water  Supply  Bulletin  21,  1965. 

102.  Newcomb,  R.C.,  Sceva,  J.E.,  and  Stromme,  Olaf,  Ground-Water 
Resources  of  Western  Whatcom  County,  Washington,  U.S.D.I. 
Geological  Survey  Open-File  Report,  1949. 

103.  Newcomb,  R.  C.,  and  Strand,  J.R.,  Geology  and  Ground-Water 
Characteristics  of  the  Hanford  Reservation  of  the  Atomic  Energy 
Commission,  Washington,  U.S.D.I.  Geological  Survey.  (In  review.) 

104.  Noble,  J.B.,  A Preliminary  Report  on  the  Geology  and  Ground- 
Water  Resources  of  the  Sequim-Dungeness  Area,  Clallam  County. 
Washington,  Washington  Divisidn  of  Water  Resources  Water 
Supply  Bulletin  11,  1960. 

105.  Noble,  J.  B. , and  Wallace,  E.  F.,  Geology  and  Ground-Water 
Resources  of  Thurston  County,  Washington,  Washington  Division 
oi  Water  Resources  Water  Supply  Bulletin  10,  vol.  2,  1966. 

106.  Oregon  Water  Resources  Board,  Umpqua  River  Basin,  State  of 
Oregon  Water  Resources  Board,  1958. 

107.  Oregon  Water  Resources  Board,  Rogue  River  Basin,  State  of 
Oregon  Water  Resources  Board,  1959 . 

107A.  Oregon  Water  Resources  Board,  Grande  Ronde  River  Basin,  State 
of  Oregon  Water  Resources  Board , 1960. 

108.  Oregon  Water  Resources  Board,  Deschutes  River  Basin.  State  of 
Oregon  Water  Resources  Board,  1961. 

109.  Oregon  Water  Resources  Board,  North  Coast  Basin,  State  of 
Oregon  Water  Resources  Board,  1961. 

109A.  Oregon  Water  Resources  Board,  Upper  Willamette  River  Basin. 

State  of  Oregon  Water  Resources  Board,  1961. 


1001 


Oregon  Water  Resources  Board,  John  Day  Basin,  State  of 
Oregon  Water  Resources  Board,  1962. 

Oregon  Water  Resources  Board,  South  Coast  Basin,  State  of 
Oregon  Water  Resources  Board,  1963. 

Oregon  Water  Resources  Board,  Umatilla  Basin,  State  of  Oregon 
Water  Resources  Board,  1963. 

Oregon  Water  Resources  Board,  Middle  Willamette  River  Basin, 
State  of  Oregon  Water  Resources  Board,  1963. 

Oregon  Water  Resources  Board,  Hood  Basin,  State  of  Oregon 
Water  Resources  Board,  1965. 

Oregon  Water  Resources  Board,  Midcoast  Basin,  State  of  Oregon 
Water  Resources  Board,  1965. 

Oregon  Water  Resources  Board,  Lower  Willamette  River  Basin, 
State  of  Oregon  Water  Resources  Board,  1965. 

Oregon  Water  Resources  Board,  Malheur  Lake  Basin,  State  of 
Oregon  Water  Resources  Board,  1967. 

Oregon  Water  Resources  Board,  Powder  River  Basin,  State  of 
Oregon  Water  Resources  Board,  1967. 

Oregon  Water  Resources  Board,  Willamette  River  Basin,  State 
of  Oregon  Water  Resources  Board,  1967. 

Pacific  Northwest  River  Basins  Commission,  1967  National 
Assessment,  Chapter  16,  Columbia-North  Pacific  Region, 

Water  Resources  Council,  1968. 

Peck,  D.L.,  Griggs,  A.B.,  Schlicker,  H.  G.,  Wells,  F.G.,  and 
Dole,  H.M.,  Geology  of  the  Central  and  Northern  Parts  of  the 
Western  Cascade  Range  in  Oregon,  U.S.D.I.  Geological  Survey 
Professional  Paper  449,  1964. 

Piper,  A.M.,  Geology  and  Ground-Water  Resources  of  The  Dalles 
Region,  Oregon,  U.S.b.I.  Geological  Survey  Water-Supply  Paper 
659-B,  p.  107-189,  1932. 

Piper,  A.M.,  Ground-Water  Resources  of  the  Willamette  Valley, 


Oregon,  U.S.D.I.  Geological  Survey  Water-Supply  Paper  890,  1942. 


Piper,  A.M.,  and  Huff,  L.C.,  Some  Ground-Water  Features  of 
the  Rathdrum  Prairie-Spokane  Valley  Area,  Idaho-Washington, 
with  Respect  to  Seepage  Loss  from  Pend  Oreille  Lake,  U.S.D.I. 
deo logical  Survey  Open-File  Report,  1943. 


I 


120. 


Piper,  A.M.,  and  LaRocque,  G.A.,  Jr.,  Water-Table  Fluctuations 
in  the  Spokane  Valley  and  Continguous  Area,  Washington- Idaho, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  889-B,  p.  83-139, 
1944. 

121.  Piper,  A.M.,  Robinson,  T.W.,  and  Park,  C.F.,  Jr.,  Geology  and 
Ground-Water  Resources  of  the  Harney  Basin,  Oregon,  witn  a 
Statement  on  Precipitation  and  Tree  Growth  by  L.  T.  Jessup, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  841,  1939. 

122.  Price,  C.  E.,  Artificial  Recharge  Through  a Well  Tapping 
Basalt  Aquifer,  Walla  Walla  Area,  Washington,  U.S.pTl. 
Geological  Survey  Water-Supply  Paper  1594-A,  1961. 

123.  Price,  Don,  Geology  and  Water  Resources  in  the  French  Prairie 
Area,  Northern  Willamette  Valley,  Oregon,  U.S.D.I.  Geological 
Survey  Water-Supply  Paper  1833,  1967. 

124.  Price,  Don,  Ground-Water  Reconnaissance  in  the  Burnt  River 
Valley  Area,  Oregon,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  1839-1,  1967. 

125.  Price,  Don,  Hart,  D.H.,  and  Foxworthy,  B.L.,  Artificial 
Recharge  in  Oregon  and  Washington,  1962.  U.S.D.I.  Geological 
Survey  Water-Supply  Paper  1594-C,  1965. 

125A.  Price,  Don,  Ground  Water  in  the  Eola-Amity  Hills  Area. 

Northern  Willamette  Valley,  Oregon.  U.S.D.I.  Geological 
Survey  Water  Supply  Paper  1847,  1967. 

126.  Rainwater,  F.  H.,  Stream  Composition  of  the  Conterminous 
United  States.  U.S.D.I.  Geological  Survey  Hydrologic 
Investigations  Atlas,  HA-61,  1962. 

127.  Rantz,  S.  E.,  and  Moore,  A.M.,  Floods  of  December  1964  in  the 
Far  Western  States , U.S.D.I.  Geological  Survey  Open-File 
Report,  1965. 

128.  Roberts,  A.E.,  Geology  and  Coal  Resources  of  the  Toledo-Castle 
Rock  District,  Cowlitz  and  Lewis  Counties.  Washington, 

U.S.D.I.  Geological  Survey  Bulletin  1062,  1958. 

128A.  Robinson,  J.R.,  Estimated  Existing  8 Potential  Ground-Water 
Storage  in  Major~Drainage  Basins  In  Oregon,  U.S.D.I. 

Geological  Survey  Open-File  Report,  April  1968. 

129.  Robinson,  J.  W.,  and  Price,  Don,  Ground  Water  in  the 
Prineville  Area,  Crook  County.  Oregon,  U.S.D.I.  Geological 
Survey  Water-Supply  Paper  1619-P,  1963. 


1003 


# 


130  Rorabaugh,  M.I.,  Simons,  W.D.,  Garrett,  A.  A.,  and  McMurtrey, 
R<G.,  Exploration  of  Methods  of  Relating  Ground  Water  to 
Surface  Water,  Columbia  River  Basin,  First  Phase"  U.S.D. I . 
Geological  Survey  Open-File  Report,  1962. 

131.  Rorabaugh,  M.I.,  and  Simons,  W.D.,  Exploration  of  Methods  of 
Relating  Ground  Water  to  Surface  Water,  Columbia  River  Basin, 
Second  Phase,  U.S.D. I.  Geological  Survey  Open-File  Report,  1966. 

132.  Ross,  C.P.,  Andrews,  D.A.,  and  Whitkind,  I.J.,  Geologic  Map 

of  Montana,  U.S.D. I.  Geological  Survey,  1955.  

133.  Ross,  C.P.,  and  Forrester,  J.D.,  Geologic  Map  of  the  State  of 
Jdaho,  U.S.D. I.  Geological  Survey  Miscellaneous  Geologic 
Investigations  Map  1-325,  1947. 

134.  Rothacher,  Jack,  Streamflow  from  Small  Watersheds  on  the 
Western  Slope  of  tlie  Cascade  Range,  Oregon.  American 
Geophysical  Union,  Water  Resources  Research,  vol.  1.  No.  1 


135.  Russell,  I.C.,  Geology  and  Water  Resources  of  Nez  Perce 
County,  Idaho,  U.S.D. I.  Geological  Survey  Water-Supply  Paper 

53,  pt.  1,  Geology,  p.  1-85,  1901. 

136.  Russell,  I.C.,  Geology  and  Water  Resources  of  Nez  Perce 
bounty > Idaho,  U.S.dTi.  Geological  Survey  Water-Supply Paper 

54,  pt.  2,  Water  Resources,  p.  87-141,  1901. 

137.  Santos,  J.F.,  Quality  of  Surface  Waters  in  the  Lower  Colnmhia 
River  Basin,  U.S.D. I.  Geological  Survey  Water-Supply  Paper 
1784,  1965. 

138.  Sceva,  J .E.,  Watkins , F.A.,  and  Schlax,  W.N.,  Geology  and 
Ground-Water  Resources  of  Wenas  Creek  Valley ."Yakima  County. 
Washington,  U.S.D. I.  Geological  Survey  ftpen-Fii» 

139.  Sceva,  J.E.,  Preliminary  Report  of  the  Ground-Water  Resources 
of  Southwestern  Skagit  County,  Washington.  U.S.D. I.  Geological 
Survey  Open-File  Report,  1950. 

140.  Sceva,  J.E.,  Geology  and  Ground-Water  Resources  of  Kitsap 

County , Washington , U.S.D. I.  Geological  Survey  Water-Supply 
Paper  1413,  1957.  vv  7 

140A.  Sceva,  J.E.,  A Reconnaissance  of  the  Ground-Water  Resources 

of  the  Hood  River  and  the  Cascade  Locks  Area,  Hood  River  County 
Oregon,  Oregon  State  Engineer,  Ground  Water  Report  No.  10,  1966! 

141.  Sceva,  J.E.,  A Brief  Description  of  the  Ground-Water  Conditions 

in  the  Ordnance  Area,  Morrow  and  Umatilla  Counties .' Oregon. 

Oregon  State  Engineer  Ground  Water  Report  11,  1966. — 


1004 


Sceva,  J.E.,  Liquid  Waste  Disposal  in  the  Lava  Terrane  of 
Central  Oregon,  FWPCA,  April  1968. 

Sceva,  J.E.,  and  Debow,  Robert,  Ground-Water  Levels,  1965, 
Oregon  State  Engineer  Ground  Water  Report  9,  1966. 


Searcy,  J.K.,  Flow  Duration  Curves 
Part  2,  Low-Flow  Techniques),  U.S.t 
Water-Supply  Paper  1542-A,  1959. 


[Manual  of  Hydrology: 
.1.  Geological  Survey 


Simons,  W.  D.,  Concept  and  Characteristics  of  Base  Flow  in 
the  Columbia  River  Basin,  Western  Snow  Conference  Proceedings, 
p.  57-61,  1953. 

Smith,  G.  0.,  Geology  and  Water  Resources  of  a Portion  of 
Yakima  County,  Washington,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  55,  1901. 

Smith,  R.  0.,  Ground-Water  Resources  of  the  Middle  Big  Wood 
River-Silver  Creek  Area,  Blaine  County,  Idaho,  U.S.D.I. 
Geological  Survey  Water-Supply  Paper  1478,  1959. 

Smith,  R.  0.,  Geohydrologic  Evaluation  of  Stream-Flow 
Records  in  the  Big  Wood  River  Basin,  Idaho,  U.S.D.I . 

Geological  Survey  Water-Supply  Paper  1479, 1960 . 

Stearns,  H.T.,  Geology  and  Water  Resources  of  the  Middle 
Deschutes  River  Basin,  Oregon,  U.S.D.I.  Geological  Survey 
Water  Supply  Paper  637-D,  p.  125-220,  1930. 

Steams,  H.  T.,  Bryan,  L.  L.,  and  Crandall,  Lynn,  Geology  and 
Water  Resources  of  the  Mud  Lake  Region,  Idaho,  Including  the 
Island  Park  Area,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  818,  1939. 

Steams,  H.T.,  Crandall,  Lynn,  and  Steward,  W.G.,  Geology  and 
Ground-Water  Resources  of  the  Snake  River  Plain  in  Southeastern 
Idaho,  U.S.D.I.  Geological  Survey  Water-Supply  Paper  7^4.  1938. 

Stevens,  P.R.,  Ground-Water  Problems  in  the  Vicinity  of  Moscow, 
Latah  County,  Idaho,  U.S.D.*!.  Geological  Survey  Water-Supply 
1460-H,  p.  325-357,  1960. 

Stevens,  P.R.,  Effect  of  Irrigation  on  Ground  Water  in 
Southern  Canyon~County,  IdahoT  U.S.D.I.  Geological  Survey 
Water-Supply  Paper  1585,  1962. 

Stewart,  J.W.,  Water- Yielding  Potential  of  Weathered 
Crystalline  Rocks  at  the  Georgia  Nuclear  Laboratory,  Article  43, 
U.S.D.i.  Geological  Survey  Professional  Paper  450-B,  p.  106- 
107,  1962, 


1005 


154.  Stokes,  W.  L.,  Geologix  Map  of  Utah,  University  of  Utah 
(Salt  Lake  City),  19o$. 

155.  Sylvester,  R.O.,  and  Seabloom,  R.W.,  A Study  on  the  Character 
and  Significance  of  Irrigation  Return  Flows  in  the  Yakima 
River  Basin,  University  of  Washington,  Department  of  Civil 
Engineering  (Seattle),  1962. 

156.  Tagg,  K.M.,  and  others.  Geologic  Map  of  Nevada  in  Mineral 
and  Water  Resources  of  Nevada,  Senate  Document  87,  88th 
Congress  2nd  Session,  1964. 

157.  Taylor,  G.  C.,  Jr.,  Ground  Water  in  the  Quincy  Basin,  Wahluke 
Slope  and  Pasco  Slope  Subareas  of  the  Columbia  Basin  Project, 
Washington,  U.S.D.I.  Geological  Survey  Open-File  Report,  1948. 

158.  Theis,  C.V.,  and  Conover,  C.S.,  Chart  for  Determination  of 
the  Percentage  of  Pumped  Water  Being  Diverted  from  a Stream 
or  Drain,  in  Shortcuts  and  Special  Problems  in  Aquifer  Tests, 
U.S.D.I.  Geological  Survey,  Water-Supply  Paper  1545-C,  1963. 

159.  Thomas,  C.A.,  Investigation  of  the  Inflow  to  the  Rathdrum 
Prairie-Spokane  Valley  Aquifer,  U.S.D.I.  Geological  Survey 
Open-File  Report,  1963. 

160.  Trauger,  F.D.,  Basic  Ground-Water  Data  in  Lake  County,  Oregon, 
U.S.D.I.  Geological  Survey  Open-File  Report,  1950. 

161.  Trauger,  F.D.,  Ground-Water  Resources  of  Baker  Valley,  Baker 
County,  Oregon,  U.S.D.I.  Geological  Survey  Open-File  Report, 
1950. 

162.  Trimble,  D.  E.,  Geology  of  Portland,  Oregor  and  Adjacent 
Areas , U.S.D.I.  Geological  Survey  Bulletin  1119,  1963. 

163.  U.  S.  Army,  Corps  of  Engineers,  Review  of  Reports  on  Columbia 
River  and  Tributaries,  House  Document  531,  8 volumes,  1950. 

164.  U.  S,  Army,  Corps  of  Engineers,  Interim  Report  on  1959  Current 
Measurement  Program  Columbia  River  at  Moutn,  Oregon  and 
Washington,  vol~  4,  p.  195-292,  1960. 

165 s U.  S.  Army,  Corps  of  Engineers,  Computer  Programs  for  Summary 
Hydrograph,  1- 3-6-Month  Average  Flow,  Frequency  Curve  Points, 
Annual  Flow  Duration,  Monthly  Flow  Duration,  5-Year  Moving 
Average,  and  Frequency  Curve  Statististics , Description 
Reports  for  Program  Numbers  23001,  23019, 23023 , 23024 , 

23025,  23026,  and  23308,  1967. 

166.  U.S.D.I.,  Bureau  of  Reclamation,  Snake  Plain  Recharge  Project, 

Idaho.  U.S.D.I.  Bureau  of  Reclamation,  Region  1,  Special  Report, 
1962. 

1006 


4 


167.  U.S.D.I.  Bureau  of  Reclamation  and  U.S.  Army  Corps  of 
Engineers , Upper  Snake  River  Basin,  Preliminary  Summary 
Report , 1960. 

168.  U.S.D.H.E.W.  Public  Health  Service,  Drinking  Water  Standards , 
U.S.  Public  Health  Service  Publication  956,  1962. 

169.  Salinity  Laboratory  Staff,  Diagnosis  and  Improvement  of 
Saline  and  Alkali  Soils,  U.S.D.A.  Handbook  60,  1954. 

170.  U.S.D.C.  Weather  Bureau,  Climatic  Summary  of  the  United  States, 
Supplement  for  1951  Through  I960,  Idaho,  U.S. D.C.  Climatography 
of  the  U.S.,  No.  86-20,  1965. 

171.  U.S.D.C.  Weather  Bureau,  Climatic  Summary  of  the  United  States, 
Supplement  for  1951  Through  1960,  Montana,  U.S.D.C. 
Climatography  of  the  U.S.,  No.  86-20,  1965. 

172.  U.S.D.C.  Weather  Bureau,  Climatic  Summary  of  the  United  States, 
Supplement  for  1951  Through  1960,  Oregon,  U.S.D.C.  Climatography 
of  the  U.S.,  No.  86-30,  1965. 

173.  U.S.D.C.  Weather  Bureau,  Climatic  Summary  of  the  United 
States,  Supplement  for  1951  Through  I960,  Washington,  U.S.D.C. 
Climatography  of  the  U.S.,  No.  86-39,  1965. 

174.  Van  Denburgh,  A.  S.,  and  Feth,  J.  H.,  Solute  Erosion  and 
Chloride  Balance  in  Selected  River  Basins  of  the  Western 
Conterminous  United  States,  Water  Resources  Research,  vol.  1, 
No.  4,  p.  537-541,  1965. 

175.  Van  Denburgh,  A.  S.,  and  Santos,  J.  F.,  Ground  Water  in 
Washington:  Its  Chemical  and  Physical  Quality,  Washington 
Division  of  Water  Resources  Water  Supply  Bulletin  24,  1965. 

176.  Van  Winkle,  W.,  Quality  of  Surface  Waters  of  Washington, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  339,  1914. 

177.  Van  Winkle,  W. , Quality  of  Surface  Waters  of  Oregon,  U.S.D.I. 
Geological  Survey  Water-Supply  Paper  363,  1914. 

178.  Wagner,  N.  S.,  Ground  Water  Studies  in  Umatilla  and  Morrow 
Counties , Oregon  Department  o£  Mines  and  Geology,  1949. 

179.  Wagner,  N.  S.,  "Important  Rock  Units  of  Northeastern  Oregon," 

Oregon  Department  of  Geology  and  Mineral  Industries,  The  Ore 
Bin,  vol.  20,  No.  7 (July),  1958.  " 


1007 


f 


i 


180.  Walker,  E.H.,  The  Quality  of  Ground  Water  in  the  Upper  Snake 
River  Basin,  Washington  State  University,  Institute  of 
Technology  (Pullman),  Proceedings  of  Water  Quality  Conference, 
November  28-30,  p.  79-93,  1960. 

181.  Walker,  E.H.,  Ground  Water  in  the  Midvale  and  Council  Area, 
Upper  Weiser  River  Basin,  Idaho,  U.S.D.I.  Geological  Survey 
Water-Supply  Paper  1779-Q,  1964. 

182.  Walker,  E.H.,  Ground  Water  in  the  Sandpoint  Region,  Bonner 
County,  Idaho,  U.S.D.I.  Geological  Survey  Water-Supply  Paper 
1779-1,  1964. 

183.  Walker,  E.H.,  Ground  Water  in  the  Upper  Star  Valley,  Wyoming, 
U.S.D.I.  Geological  Survey  Water-Supply  Paper  1809-C,  1965. 

184.  Walker,  G.W.,  Reconnaissance  Geologic  Map  of  the  Eastern  Half 
of  the  Klamath~Falls  (AMS)  Quadrangle,  Lake  and  Klamath 
Counties,  Oregon,  U.S.D.I.  Geological  Survey  Mineral  Investi- 
gations Field  Studies  Map  MF-260,  1963. 

185.  Walker,  G.W.,  and  others.  Geologic  Map  of  Oregon  in  Mineral 
and  Water  Resources  of  Oregon,  Committee  on  Interior  and 
Insular  Affairs,  90th  Congress,  2nd  Session. 

186.  Walker,  G.W.,  Peterson,  N.V.,  and  Greene,  R.C.,  Reconnaissance 
Geologic  Map  of  the  East  Half  of  the  Crescent  Quadrangle, 

Lake,  Deschutes,  and  Crook  Counties,  Oregon,  U.S.D.I. 

Geological  Survey  Miscellaneous  Geologic  Investigations  Map 
1-493,  1967. 

187.  Walker,  G.W.,  and  Repenning,  C.A.,  Reconnaissance  Geologic 
Map  of  the  Adel  Quadrangle,  Lake,  Harney,  and  Malheur 
Counties,  Oregon,  U.S.D.I,  Geological  Survey  Miscellaneous 
Geologic  Investigations  Map  1-446,  1965. 

188.  Walker,  G.W.,  and  Repenning,  C.A.,  Reconnaissance  Geologic 
Map  of  the  West  Half  of  the  Jordan  Valley  Quadrangle. 

Malheur  County,  Oregon,  U.S.D.I.  Geological  Survey  Miscellaneous 
Geologic  Investigations  Map  1-457,  1966. 

189.  Wallace,  E.F.,  and  Molenaar,  Dee,  Geology  and  Ground-Water 
Resources  of  Thurston  County,  Washington,  Washington  Division 
oi  Water  Resources  Water  Supply  Bulletin  10,  vol.  1,  1961. 

190.  Walters,  K.L.,  Availability  of  Ground  Water  at  the  Border 
Stations  at  Laurier  and  Ferry,  Washington,  U.S.D.I.  Geological 
Survey  Circular  422,  1960. 


i 


f 


1008 


u 

191.  Walters,  K.L.,  and  Grolier,  M.J.,  Records  of  Wells,  Water 
Levels,  and  Quality  of  Ground  Water  in  the  Columbia  Basin' 
Project  Area,  Washington,  Washington  Division  of  Water 
Resources  Water  Supply  Bulletin  8,  1959. 

192.  Walton,  W.C.,  Ground- Water  Resources  of  Camas  Prairie,  Camas 
and  Elmore  Counties,  Idaho,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  1609,  1960. 

193.  Waring,  G.A.,  Geology  and  Water  Resources  of  a Portion  of 
South -Central  Oregon,  U.S.D.I.  Geological  Survey  Water-Supply 
Paper  220,  1908. 

194.  Waring,  G.A.,  Geology  and  Water  Resources  of  the  Harney  Basin 
Region.  Oregon.  U.S.D.I.  Geological  Survey  Water-Supply  Paper 
231,  1909. 

195.  Waring,  G.A.,  Geology  and  Water  Resources  of  a Portion  of 
South-Central  Washington,  U.S.D.I.  Geological  Survey  Water- 
Supply  Paper  316,  1913. 

* 196.  Waring,  G.A.,  Thermal  Springs  of  the  United  States  and  Other 

Countries  of  the  World--A  Summary,  U.S.D.I.  Geological  Survey 
Professional  Paper  493,  1965. 

197.  Washburn,  R.L.,  Preliminary  Investigation  of  Ground  Water 
in  the  East  Sound  Area,  Orcas  Island,  San  Juan  County, 
Washington,  U.S.D.I.  Geological  Survey  Open-File  Report.  1954. 

198.  Washburn,  R.L.,  Ground  Water  in  the  Lummi  Indian  Reservation, 
Whatcom  County,  Washington.  U.S.D.I.  Geological  Survey  Qpen- 
File  Report,  1956. 

199.  Wegner,  D.E.,  Preliminary  Investigation  of  Ground  Water  in 
the  Gray land  Watershed.  Grays  Harbor  and  Pacific  Counties 
Washington,  U.S.D.I.  Geological  Survey  Open-File  Report. 1956 . 

200.  Weigle,  J.M.,  and  Foxworthy,  B.L.,  Geology  and  Ground-Water 
Resources  of  West-Central  Lewis  County,  Washington,  Washing- 
ton Division  of  Water  Resources  Water  Supply  Bulletin  17,  1962. 

201.  Weigle,  J.  M.,  and  Mundorff,  M.J.,  Records  of  Wells,  Water 
Levels  and  Quality  of  Ground  Water  In  the  Spokane  Valley," 
Spokane  County.  Washington,  U.S.D.I.  Geological  Survey  Open- 
File  Report  1952. 

202.  Wells,  F.G.,  and  Peck,  D.L.,  Geologic  Map  of  Oregon  West  of 
the  121st  Meridian , U.S.D.I.  Geological  Survey  Miscellaneous 
Geologic  Investigations  Map  1-325,  1961. 


i 


1009 


203.  West,  S.W.,  and  Kilbum,  Chabot,  Ground  Water  for  Irrigation 
in  Part  of  the  Fort  Hall  Indian  Reservation,  Idaho,  U.S.D.I. 
Geological  Survey  Water-Supply  Paper  1576-D,  1963. 

204.  Williams,  R.C.,  and  Stevens,  H.H.,  Jr.,  Sediment  Transport 
in  Oregon  and  Idaho  for  Flood  of  December  1964,  Report  of 
Meeting  on  Erosion  and  Sedimentation,  1964-65  Flood  Season, 
Columbia  Basin  Inter-Agency  Committee,  p.  23-35,  1965. 

205.  Wolfe,  J.W.,  Effect  of  Controlled  River  Level  on  Field  of 
Irrigation  Wells  near  Jefferson,  Oregon,  Oregon  State  College 
Agricultural  Experiment  Station  (Corvallis)  Miscellaneous 
Paper  84,  1959. 

206.  Young,  R.A.,  Hydrogeologic  Evaluation  of  the  Streamflow 
Records  in  the  Rogue  River  Basin,  Oregon,  U.S.D.I . 

Geological  Survey  Open-File  Report,  1961. 


I 


f 

. 


GLOSSARY 

ACRE-FOOT  (ac-ft)  - A unit  commonly  used  for  measuring  the  volume 
of  water  or  sediment ; equal  to  the  quantity  of  water  required  to 
cover  one  acre  to  a depth  of  one  foot  and  equal  to  43,560  cubic 
feet  or  325,851  gallons. 

ANNUAL  FLOOD  SERIES  - A list  of  annual  floods. 

AQUIFER  - A rock  formation,  bed,  or  zone  containing  water  that  is 
available  to  wells.  An  aquifer  may  be  referred  to  as  a water- 
bearing formation  or  water-bearing  bed. 

AREA-CAPACITY  CURVES  - A graph  showing  the  relation  between 
elevation  and  (1) surface  area  of  the  water  in  a reservoir  and 
(2)  volume. 

ARTESIAN  WATER  - Ground  water  under  sufficient  pressure  to  rise 
above  the  level  at  which  the  water-bearing  bed  is  reached  in  a 
well.  The  pressure  in  such  an  aquifer  commonly  is  called 
artesian  pressure,  and  the  rock  containing  artesian  water  is  an 
artesian  aquifer. 

BANK  STORAGE  - The  water  absorbed  into  the  banks  of  a stream,  lake, 
or  reservoir,  when  the  stage  rises  above  the  water  table  in  the 
bank  formations,  then  returns  to  the  channel  as  effluent  seepage 
when  the  stage  falls  below  the  water  table. 

BASE  FLOW  - See  Base  Runoff. 

BASE  RUNOFF  - Sustained  or  fair  weather  runoff.  In  most  streams, 
base  runoff  is  composed  largely  of  ground-water  effluent.  The 
term  base  flow  is  often  used  in  the  same  sense  as  base  runoff. 
However,  the  distinction  is  the  same  as  that  between  streamflow 
and  runoff.  When  the  concept  in  the  terms  base  flow  and  base 
runoff  is  that  of  the  natural  flow  in  a stream,  base  runoff  is 
the  logical  term. 

CHANNEL  STORAGE  - The  volume  of  water  at  a given  time  in  the 
channel  or  over  the  flood  plain  of  the  streams  in  a drainage 
basin  or  river  reach.  Channel  storage  is  sometimes  significant 
during  the  progress  of  a flood  event. 

CONE  OF  DEPRESSION  - A cone- like  depression  of  the  water  table  or 
other  piezometric  surface  that  is  formed  in  the  vicinity  of  a 
well  by  withdrawal  of  water.  The  surface  area  included  in  the 
cone  is  known  as  the  area  of  influence  of  the  well. 

CONFINED  WATER  (ARTESIAN)  - Water  under  artesian  pressure.  Water 
that  is  not  confined  is  said  to  be  under  water  table  conditions. 
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CONSUMPTIVE  USE  - The  quantity  of  water  discharged  to  the  atmos- 
phere or  incorporated  in  the  products  in  the  process  of  vegetative 
growth,  food  processing,  industrial  processes,  or  other  use. 

CONSUMPTIVE  USE,  IRRIGATION  - The  quantity  of  water  that  is 
absorbed  by  the  crop  and  transpired  or  used  directly  in  the 
building  of  plant  tissue,  together  with  that  evaporated  from 
the  cropped  area. 

CONSUMPTIVE  USE  REQUIREMENT  (CROP)  - The  annual  irrigation  consump- 
tive use  expressed  in  feet  or  acre-feet  per  acre. 

CONSUMPTIVE  USE  REQUIREMENT  ANNUAL  DISTRIBUTION  - The  percentage 
of  consumptive  use  required  by  months. 

CONSUMPTIVE  WASTE  - The  water  that  returns  to  the  atmosphere  without 
benefiting  man. 

COOLING  WATER  CONSUMPTION  (POWER)  - The  cooling  water  which  is  lost 
to  the  atmosphere,  caused  primarily  by  evaporation  due  to  the 
temperature  rise  in  the  cooling  water  as  it  passes  through  the 
condenser.  The  amount  of  consumption  (loss)  is  dependent  on  the 
type  of  cooling  employed--f low- through , cooling  pond,  or  cooling 
tower. 

COOLING  WATER  REQUIRED  (POWER)  - The  amount  of  water  needed  to 
pass  through  the  condensing  unit  in  order  to  condense  the  steam 
to  water. 

CORRELATION  - The  process  of  establishing  a relation  between  two 
or  more  related  variables.  It  is  a simple  correlation  if  there 
is  only  one  independent  variable;  multiple  correlation  if  there 
is  more  than  one  independent  variable. 

CORRELATIVE  ESTIMATES  - A value  determined  by  correlation. 

CUBIC  FEET  PER  SECOND  (cfs)  - A unit  expressing  rate  of  discharge. 
One  cubic  foot  per  second  is  equal  to  the  discharge  of  a stream 
having  a cross  section  of  one  square  foot  and  flowing  at  an 
average  velocity  of  one  foot  per  second.  It  also  equals  a rate 
of  448.8  gallons  per  minute.  It  is  also  known  in  storage  terms 
as  a second-foot-day  (sfd) . 

CUBIC  FEET  PER  SECOND  PER  DAY  (cfs-day)  - The  volume  of  water 
represented  by  a flow  of  one  cubic  foot  per  second  for  24  hours. 

It  equals  86,400  cubic  feet,  1.983471  acre-feet,  or  646,317 
gallons. 

DEPLETION  (WATER)  - That  portion  of  water  supply  that  is  consump- 
tively  used. 


DEPLETION,  SIREAMFLOW  - The  amount  of  water  that  flows  into  a 
valley,  or  onto  a particular  land  area,  minus  the  water  that 
flows  out  of  the  valley  or  off  from  the  particular  land  area. 

DEPRESSION  STORAGE  - Water  contained  in  natural  depressions  in  the 
land  surface,  such  as  puddles. 

DISCHARGE  - In  its  simplest  concept,  discharge  means  outflow; 
therefore,  the  use  of  this  term  is  not  restricted  as  to  course 
or  location  and  it  can  be  used  to  describe  the  flow  of  water 
from  a pipe  or  a drainage  basin. 

D I SCHARGE , AVE RAGE  - The  arithmetic  average  of  the  annual  discharges 
for  all  complete  water  years  of  record  whether  or  not  they  are 
consecutive.  The  term  "average"  is  generally  reserved  for  average 
of  record  and  "mean"  is  used  for  averages  of  shorter  periods; 
namely,  daily  mean  discharge. 

DIVERSION  - The  taking  of  water  from  a stream  or  other  body  of 
water  into  a canal,  pipe,  or  other  conduit. 

DRAINAGE  AREA  - The  drainage  area  of  a stream,  measured  in  a 
horizontal  plane,  which  is  enclosed  by  a drainage  divide. 

DRAINAGE  BASIN  - A part  of  the  surface  of  the  earth  that  is  occupied 
by  a drainage  system,  which  consists  of  a surface  stream  or  a body 
of  impounded  surface  water  together  with  all  tributary  surface 
streams  and  bodies  of  impounded  surface  water. 

DRAINAGE  DIVIDE  - The  line  of  highest  elevations  which  separates 
adjoining  drainage  basins. 

DRAWDOWN  (GROUND  WATER)  - The  depression  or  decline  of  the  water 
level  in  a pumped  well  or  in  nearby  wells  caused  by  pumping.  It 
is  the  vertical  distance  between  the  static  and  the  pumping  level 
at  the  well. 

DROUGHT  - A period  of  deficient  precipitation  or  runoff  extending 
over  an  indefinite  number  of  days,  but  with  no  set  standard  by 
which  to  determine  the  amount  of  deficiency  needed  to  constitute 
a drought.  Thus,  there  is  no  universally  accepted  quantitative 
definition  of  drought;  generally,  each  investigator  establishes 
his  own  definition. 

EFFECTIVE  PRECIPITATION  - That  part  of  the  precipitation  falling 
on  a crop  area  that  is  effective  in  meeting  the  consumptive  use 
requirements  of  the  crop. 

EROSION,  BANK  - Destruction  of  land  areas  bordering  rivers  or  water 

bodies  by  the  cutting  or  wearing  action  of  waves  or  flowing  water. 


1013 


EROSION,  BEACH  - The  retrogression  of  the  shore  line  of  large 
lakes  and  coastal  waters  caused  by  wave  action,  shore  currents, 
or  natural  causes  other  than  subsidence. 

EROSION,  GULLY  - The  widening,  deepening,  and  headcutting  of  small 
channels  and  waterways  due  to  erosion. 

EVAPORATION,  NET  RESERVOIR  - The  evaporative  water  lpss  from  a 
reservoir  after  making  allowance  for  precipitation  on  the  reser- 
voir and  runoff  that  would  have  occurred  from  that  precipitation 
from  the  land  area  covered  by  the  reservoir.  Net  reservoir 
evaporation  equals  the  total  evaporation  minus  the  precipitation 
on  the  reservoir  plus  the  runoff  from  the  land  area  covered  by 
the  reservoir. 

EVAPORATION  PAN  - An  open  tank  used  to  contain  water  for  measuring 
the  amount  of  evaporation.  The  U.S.D.C.  Weather  Bureau  class  A 
pan  is  4 feet  in  diameter,  10  inches  deep,  set  up  on  a timber 
grillage  so  that  the  top  rim  is  about  16  inches  from  the  ground. 
The  water  level  in  the  pan  during  the  course  of  observation  is 
maintained  between  2 and  3 inches  below  the  rim. 

EVAPORATION  PAN  COEFFICIENT  - The  ratio  of  evaporation  from  a 
large  body  of  water  to  that  from  an  evaporation  pan. 

EVAPOTRANSP I RATION  - The  combined  losses  of  evaporation  of  water 
and  transpiration  by  plants.  Evapotranspiration  is  often  limited 
by  the  quantity  of  water  available.  A commonly  used  term  is 
potential  evapotranspiration  which  is  the  maximum  amount  of 
moisture  that,  if  continuously  available,  would  be  removed  from 
the  soil  under  existing  conditions  of  humidity,  wind  movement, 
and  temperature. 

EXCEEDENCE  FREQUENCY  - Percent  of  values  that  exceed  a specified 
magnitude. 

FARM  WASTE  AND  DEEP  PERCOLATION  - The  amount  of  irrigation  water 
delivered  to  the  crop  area  from  a canal  turnout  or  ground  water 
pump  that  is  not  consumptively  used  on  the  crop  area.  Includes 
water  moving  through  the  root  zone  to  the  water  table,  water 
intercepted  by  drainage  systems,  and  surface  waste  to  natural 
or  constructed  drainage  systems , and  noncropped  areas . 

FIELD  MOISTURE  CAPACITY  - The  quantity  of  water  which  can  be 
permanently  retained  in  the  soil  in  opposition  to  the  downward 
pull  of  gravity. 

FLOOD  - Any  relatively  high  streamflow  or  an  overflow  or  inundation 
that  comes  from  a river  or  other  body  of  water  and  causes  or 
threatens  damage. 
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FLOOD,  ANNUAL  - The  highest  peak  discharge  in  a water  year. 


FLOOD  DURATION  CURVE  - A cumulative  frequency  curve  that  shows  the 
percentage  of  time  that  specified  discharges  are  equaled  or 
exceeded. 


FLOOD  FREQUENCY  CURVE  - A graph  showing  the  number  of  times  per 
100  years,  or  the  average  interval  of  times  within  which  a flood 
of  a given  magnitude  will  be  equaled  or  exceeded. 

FLOOD  PEAK  - The  highest  value  of  the  stage  or  discharge  attained 
by  a flood;  thus,  peak  stage  or  peak  discharge.  Flood  crest  has 
nearly  the  same  meaning  but,  since  it  connotes  the  top  of  the 
flood  wave,  it  is  properly  used  only  in  referring  to  stage. 

FLOOD  PLAIN  - A strip  of  relatively  smooth  land  bordering  a stream 
that  has  been  or  is  subject  to  flooding.  It  is  called  a "living" 
flood  plain  if  it  is  overflowed  in  times  of  high  water,  but  a 
"fossil"  flood  plain  if  it  is  beyond  the  reach  of  the  highest 
flood. 

FLOOD,  PROBABLE  MAXIMUM  - The  largest  flood  for  which  there  is  any 
reasonable  expectancy  in  the  geographical  region  involved. 

FLOOD  ROUTING  - The  process  of  determining  progressively  downstream 
the  timing  and  stage  of  a flood  at  successive  points  along  a river. 

FLOOD  STAGE  - The  stage  at  which  overflow  of  the  natural  banks  of 
a stream  begins  to  cause  damage  in  the  reach  in  which  the  stage 
is  observed. 

FLOOD,  STANDARD  PROJECT  - A hypothetical  flood  that  might  result 
from  the  most  severe  combination  of  meteorological  and  hydro- 
logical  conditions  that  are  reasonably  characteristic  of  the 
geographical  region  involved.  The  SPF  is  the  usual  basis  for 
design  of  flood  control  structures. 

FLOODWAY  - The  channel  of  a river  or  stream  and  those  parts  of  the 
flood  plains  adjoining  the  channel  which  carry  and  discharge  the 
floodwater  or  floodflow  of  any  river  or  stream. 


FLOW  DURATION  CURVE  - A cumulative  frequency  curve  that  shows  the 
percentage  of  time  that  specified  discharges  are  equaled  or 
exceeded; 


FLOWING  WELL  - An  artesian  well  having  sufficient  head  to  discharge 
water  above  the  land  surface. 

FREEBOARD  - The  .-vertical  distance  between  a design  maximum  water 
level  and  the  top  of  a structure.  This  space  is  utilized  for 
safety. 
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GAGING  STATION  - A particular  site  on  a stream,  canal,  lake,  or 

reservoir  where  systematic  observations  or  gage  height  or  discharge 
are  obtained. 

GAGING  STATION  NUMBER  - An  eight-digit  number  assigned  to  a gaging 
station  which  identifies  the  station  in  downstream  order  relative 
to  other  gaging  stations  and  sites  where  streamflow  data  are 
collected.  The  first  two  digits  designate  the  major  drainage 
basin,  the  others  the  station. 

GROUND  WATER  - Water  in  the  ground  that  is  in  the  zone  of  saturation 
from  which  wells,  springs,  and  ground-water  runoff  are  supplied. 

GROUND  WATER  OUTFLOW  - That  part  of  the  discharge  from  a drainage 
basin  that  occurs  through  the  ground  water.  The  term  "underflow" 
is  often  used  to  describe  the  ground  water  outflow  that  takes 
place  in  valley  alluvium  (instead  of  the  surface  channel)  and 
thus  is  not  measured  at  a gaging  station. 

HIGH  FLOW  VOLUME  - Highest  mean  discharge  for  a specified  period 
of  time. 

HIGH  FLOW  VOLUME  FREQUENCY  CURVES  - Graphical  representation  of 
the  high  flow  volume  frequency distribution. 

HYDRAULIC  GRADIENT  (GROUND  WATER)  - The  gradient  or  slope  of  the 
water  table  or  piezometric  surface  in  the  direction  of  the  greatest 
slope,  generally  expressed  in  feet  per  mile. 

HYDROGRAPH  - A graph  showing  stage,  flow,  velocity,  or  other 
property  of  water  with  respect  to  time. 

HYDROLOGIC  BUDGET  - An  accounting  of  the  inflow,  outflow,  and 
storage  in  a hydrologic  unit,  such  as  a drainage  basin,  aquifer, 
soil  zone,  lake,  reservoir,  or  irrigation  project. 

HYDROLOGIC  CYCLE  - A term  denoting  the  circulation  of  water  from 
the  sea,  through  the  atmosphere,  to  the  land;  and,  thence,  with 
many  delays,  back  to  the  sea  by  overland  and  subterranean  routes, 
and, in  part,  by  way  of  the  atmosphere  without  reaching  the  sea. 

INFILTRATION  - The  flow  of  a fluid  into  a substance  through  pores 
or  small  openings.  It  connotes  flow  into  a substance  in  contra- 
distinction to  the  word  percolation,  which  connotes  flow  through 
a porous  substance. 

INFILTRATION  CAPACITY  - The  maximum  rate  at  which  the  soil,  when 
in  a given  condition,  can  absorb  falling  rain  or  melting  snow. 


INTERCEPTION  (HYDROLOGY)  - The  process  of  storing  rain  or  snow  on 
leaves  and  branches  which  eventually  evaporates  back  to  the  air. 
Interception  equals  the  precipitation  on  the  vegetation  minus 
streamflow  and  throughfall. 

INTERSTICES  - The  openings  or  pore  spaces  in  a rock.  In  the  zone 
of  saturation  they  are  filled  with  water. 

IRRIGATED  AREA  - The  gross  farm  area  upon  which  water  is  artificially 
applied. 

IRRIGATION  CONVEYANCE  LOSS  AND  WASTE  - The  loss  of  water  in  transit 
from  a reservoir,  point  of  diversion,  or  ground -water  pump  (if  not 
on  farm)  to  the  point  of  use,  whether  in  natural  channels  or  in 
artificial  ones,  such  as  canals,  ditches,  and  laterals. 

IRRIGATION  DELIVERY  REQUIREMENT,  FARM  - The  amount  of  water  in 
acre-feet  per  acre  required  to  serve  the  irrigated  area.  It  is 
the  crop  irrigation  requirement  plus  farm  waste  and  deep 
percolation. 

IRRIGATION  DEPLETION  - The  amount  of  diverted  water  consumptively 
used,  beneficially  and  nonbeneficially , in  serving  a cropped  area. 
It  is  the  gross  diversion  minus  return  flow. 

IRRIGATION  EFFICIENCY  - The  percentage  of  water  applied  that  can 
be  accounted  for  in  soil  moisture  increase. 

IRRIGATION  REQUIREMENT,  CROP  - The  amount  of  irrigation  water  in 
acre-feet  per  acre  required  by  the  crop;  it  is  the  difference 
between  crop  consumptive  use  requirement  and  effective 
precipitation. 

ISOHYETAL  LINE  - A line  drawn  on  a map  or  chart  joining  points  that 
receive  the  same  amount  of  precipitation. 

LEACHING  REQUIREMENT  - The  amount  of  water  required  to  move  residual 
salts  out  of1  the  root  zone  and  maintain  an  adequate  soil -salt 
balance  for  crop  production. 

LOW  FLOW  FREQUENCY  CURVE  - A graph  showing  the  magnitude  and 
frequency  of  minimum  flows  for  a period  of  given  length. 

Frequency  is  usually  expressed  as  the  average  interval,  in  years, 
between  recurrences  of  an  annual  minimum  flow  equal  to,  or  less 
than,  that  shown  by  the  magnitude  scale. 

MAXIMUM  WATER  SURFACE  (RESERVOIR)  - The  maximum  water-surface 
elevation  is  the  highest  water  surface  elevation  for  which  the 
dam  is  designed.  It  is  also  the  top  of  the  surcharge  capacity. 
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NORMAL  ANNUAL  PRECIPITATION  - Average  annual  precipitation 
during  the  base  period,  1931-1960  inclusive. 

PAN  EVAPORATION  - Evaporation  in  inches  from  a standard  Weather 
Bureau  class  A pan. 

PARTIAL  DURATION  FLOOD  SERIES  - A list  of  all  flood  peaks  that 
exceed  a chosen  base  stage  or  discharge. 

PERCHED  WATER  - Ground  water  separated  from  the  underlying  water 
table  by  a zone  of  impervious  or  relatively  impervious  material. 

PERCOLATION  - The  movement,  under  hydrostatic  pressure,  of  water 
through  the  interstices  of  a rock  or  soil. 

PERCOLATION,  DEEP  - The  amount  of  water  that  passes  below  the  root 
zone  of  the  crop  or  vegetation. 

PERMEABILITY  - The  capacity  of  an  aquifer  to  transmit  water.  The 
field  coefficient  of  permeability  of  an  aquifer  is  the  coefficient 
of  transmissability  divided  by  the  saturated  thickness  of  the 
aquifer,  in  feet. 

PIEZOMETRIC  SURFACE  - An  imaginary  surface  that  everywhere  coincides 
with  the  static  level  of  the  water  in  the  aquifer. 

POROSITY  - Porosity  is  the  property  of  containing  openings  or  inter- 
stices. In  rock  or  soil,  it  is  the  ratio  (usually  expressed  as  a 
percentage)  of  the  volume  of  openings  in  that  material  to  the  bulk 
volume  of  the  material. 

PRECIPITATION  - As  used  in  hydrology,  precipitation  is  the  discharge 
of  water,  in  liquid  or  solid  state,  out  of  the  atmosphere,  gener- 
ally upon  a land  or  water  surface.  It  is  the  common  process  by 
which  atmospheric  water  becomes  surface  or  subsurface  water.  The 
term  "precipitation"  is  also  commonly  used  to  designate  the 
quantity  of  water  that  is  precipitated. 

RAINFALL  - The  quantity  of  water  that  falls  as  rain.  Not  synonymous 
with  precipitation . 

RECHARGE  (GROUND  WATER)  - The  addition  of  water  to  the  zone  of 
saturation.  Infiltration  of  precipitation  and  its  movement  to 
the  water  table  is  one  form  of  natural  recharge;  injection  of 
water  into  an  aquifer  through  wells  is  one  form  of  artificial 
recharge. 

RECURRENCE  INTERVAL  - The  average  number  of  years  within  which  a 
given  event  will  be  equaled  or  exceeded. 


RESERVOIR  - A pond,  lake,  or  basin,  either  natural  or  artificial, 
for  the  storage,  regulation,  and  control  of  water, 

RESERVOIR,  MULTIPLE-PURPOSE  - A reservoir  planned  to  serve  more 
than  one  purpose. 

RESERVOIR,  RE-REGULATING  - A reservoir  used  to  regulate  the  outflow 
from  an  upstream  reservoir. 

RESERVOIR,  RETARDING  - Ungated  reservoir  for  temporary  storage  of 
f loodwater.  Sometimes  called  a detention  reservoir. 

RESERVOIR,  SINGLE-PURPOSE  - A reservoir  planned  to  serve  only  one 
purpose . 

RETURN  FLOW  (IRRIGATION)  - Irrigation  water  applied  to  an  area 
which  is  not  consumed  in  evaporation  or  transpiration  and  returns 
to  a surface  stream  or  ground-water  aquifer. 

RIPARIAN  - Pertaining  to  the  banks  of  streams,  lakes,  or  tidewater. 

RIVER  REACH  - Any  defined  length  of  a river. 

RUNOFF  - That  part  of  the  precipitation  that  appears  in  surface 
streams.  It  is  the  same  as  streamflow  unaffected  by  artificial 
diversions,  storage  or  other  works  of  man  in  or  on  the  stream 
channels. 

RUNOFF,  ADJUSTED  MEAN  ANNUAL  - Average  annual  runoff  adjusted  for 
length  of  record  by  comparison  with  record  at  pivot  stations. 

RUNOFF,  AVERAGE  ANNUAL  - Average  of  water  year  runoff  in  inches 
or  acre-feet  for  the  total  period  of  record. 

SEDIMENT  - Fragmental  or  clastic  mineral  particles  derived  from 
soil,  alluvial,  and  rock  materials  by  processes  of  erosion;  and 
transported  by  water,  wind,  ice,  and  gravity.  A special  kind  of 
sediment  is  generated  by  precipitation  of  solids  from  solution 
(i.e.,  calcium  carbonate,  iron  oxides).  Excluded  from  the 
definition  are  vegetation,  wood,  bacterial  and  algal  slimes, 
extraneous  light-weight  artificially  made  substances  such  as 
trash,  plastics,  flue  ash,  dyes,  and  semisolids. 

SEDIMENT  DISCHARGE  - The  rate  at  which  dry  weight  of  sediment 
passes  a section  of  a stream  or  the  quantity  of  sediment,  as 
measured  by  dry  weight  or  by  volume,  that  is  discharged  in  a 
given  time. 

SOIL  MOISTURE  - Water  diffused  in  the  soil,  the  upper  part  of  the 
zone  of  aeration  from  which  water  is  discharged  by  the  transpira- 
tion of  plants  or  by  soil  evaporation. 


SPECIFIC  CAPACITY  - The  yield  of  a well  per  unit  of  drawdown 
after  a specified  period  of  pumping.  Generally  expressed  as 
gallons  per  minute  (gpm)  per  foot  of  drawdown. 

SPECIFIC  YIELD  (GROUND  WATER)  - The  ratio  of  the  volume  of  water 
that  a rock  will  yield  by  gravity,  after  being  saturated,  to  its 
own  volume,  expressed  as  a percentage. 

STATIC  LEVEL  (GROUND  WATER)  - The  level  of  water  in  a nonpumping 
or  nonflowing  well.  For  the  purpose  of  computing  the  drawdown, 
it  generally  is  the  water  level  immediately  before  pumping  begins. 

STORAGE  - Water  naturally  or  artificially  impounded  in  surface  or 
underground  reservoirs . 

STORAGE  CAPACITY,  ACTIVE  (USABLE)  - The  volume  normally  available 
for  release  from  a reservoir  below  the  stage  of  the  maximum  con- 
trollable level.  (Total  capacity  less  inactive  and  dead  capacity) 

STORAGE  CAPACITY,  CONSERVATION  - Storage  capacity  available  for  all 
useful  purposes  such  as  municipal  water  supply,  power,  irrigation, 
recreation,  fish  and  wildlife,  etc.,  excluding  joint  use  and 
exclusive  flood  control  capacity. 

STORAGE  CAPACITY,  DEAD  - The  volume  of  a reservoir  below  the  sill 
or  invert  of  the  lowest  outlet. 

STORAGE  CAPACITY,  EXCLUSIVE  FLOOD  CONTROL  - The  space  in  reservoirs 
reserved  lor  the  sole  purpose  of  regulating  flood  inflows  to  abate 
flood  damage. 

STORAGE  CAPACITY,  INACTIVE  - The  portion  of  live  storage  capacity 
£rom  which  water  normally  will  not  be  withdrawn,  in  compliance 
with  operating  agreements  or  restrictions. 

STORAGE  CAPACITY,  JOINT  USE  - The  volume  of  a reservoir  available 
to  store  water  jointly  for  flood  control  and  conservation  purposes 

STORAGE  CAPACITY,  LIVE  - The  volume  of  a reservoir  exclusive  of 
3ead  and  surcharge  storage  capacity. 

STORAGE  CAPACITY  SEDIMENT  - The  volume  of  a reservoir  planned  for 
the  deposition  of  sediment. 

STORAGE  CAPACITY,  SURCHARGE  - The  volume  of  a reservoir  between  the 
maximum  water  surface  elevation  for  which  the  dam  is  designed  and 
the  crest  of  an  uncontrolled  spillway,  or  the  normal  full-pool 
elevation  with  the  crest  gates  in  the  normal  closed  position. 

STORAGE  CAPACITY,  TOTAL  - The  total  volume  of  a reservoir  exclusive 
of  surcharge. 
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STORAGE  COEFFICIENT  (GROUND  WATER)  - The  volume  of  water  released 
from  storage  or  taken  into  storage  in  an  aquifer  per  unit  surface 
area  of  the  aquifer  per  unit  change  in  the  component  of  head 
x perpendicular  to  that  surface. 

STREAM  - A general  term  for  a body  of  flowing  water.  In  hydrology, 
the  term  is  generally  applied  to  the  water  flowing  in  a natural 
channel  as  distinct  from  a canal.  More  generally,  as  in  the  term 
stream  gaging,  it  is  applied  to  the  water  flowing  in  any  channel, 
natural  or  artificial. 

STREAM,  EFFLUENT  - A stream  or  reach  of  stream  fed  by  ground  water. 
It  is  also  called  a gaining  stream. 

STREAM,  EPHEMERAL  - A stream  that  flows  only  in  response  to 
precipitation. 

STREAM,  INFLUENT  - A stream  that  contributes  water  to  the  zone  of 
saturation. 

STREAM,  INTERMITTENT  - A stream  that  flows  only  part  of  the  time 
or  through  only  part  of  its  reach. 

STREAM,  PERENNIAL  - A stream  that  flows  continuously. 

STREAMFLOW  - The  discharge  that  occurs  in  a natural  channel. 

Although  the  term  discharge  can  be  applied  to  the  flow  of  a 
canal,  the  word  streamflow  uniquely  describes  the  discharge  in 
a surface  stream  course.  Streamflow  is  a more  general  term  than 
runoff,  as  streamflow  may  be  applied  to  discharge  whether  or  not 
it  is  affected  by  diversion  or  regulation. 

STREAMFLOW  REGULATION  - The  artificial  manipulation  of  the  flow 
of  a stream. 

SUPPLEMENTAL  IRRIGATION  - When  irrigation  water  supplies  are 
obtained  from  more  than  one  source,  the  source  furnishing  the 
initial  supply  is  commonly  designated  the  primary  source,  and 
the  sources  furnishing  the  additional  supplies,  the  supplemental 
sources . 

TRANSMISSIBILITY  (GROUND  WATER)  - The  capacity  of  a rock  to  trans- 
mit  water  under  pressure.  We  coefficient  of  transmissibility 
is  the  rate  of  flow  of  water,  at  the  prevailing  water  temperature, 
in  gallons  per  day,  through  a vertical  strip  of  the  aquifer 
one  foot  wide,  extending  the  full  saturated  height  of  the  aquifer 
under  a hydraulic  gradient  of  100  percent.  Hydraulic  gradient  of 
100  percent  means  a one  foot  drop  in  head  in  one  foot  of  flow 
distance. 


WATERSHED  - A term  to  signify  drainage  basin  or  catchment  area. 


WATER  TABLE  - The  upper  surface  of  a zone  of  saturation.  No  water 
table  exists  where  that  surface  is  formed  by  an  impermeable  body. 

WATER  YEAR  - The  12-month  period,  October  1 through  September  30. 
The  water  year  is  designated  by  the  calendar  year  in  which  it 
ends . 

WATER  YIELD  - Runoff,  including  ground-water  outflow  that  appears 
in  the  stream,  plus  ground-water  outflow  that  leaves  the  basin 
underground.  Water  yield  is  the  precipitation  minus  the 
evapotranspiration . 
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PARTICIPATING  STATES  AND  AGENCIES 


STATES 

Idaho  Nevada  Utah  Wyoming 

Montana  Oregon  Washington 

FEDERAL  AGENCIES 


Department  of  Agriculture 
Economic  Research  Service 
Forest  Service 
Soil  Conservation 
Department  of  the  Army 
Corps  of  Engineers 
Department  of  Coimnerce 
Economic  Development 

Administration 
Weather  Bureau 
Dept,  of  Health,  Education, 
& Welfare 

Public  Health  Service 
Dept,  of  Housing  & Urban 
Development 
Dept,  of  Transportation 


Department  of  the  Interior 
Bonneville  Power 

Administration 
Bureau  of  Indian  Affairs 
Bureau  of  Land  Management 
Bureau  of  Mines 
Bureau  of  Outdoor  Recreation 
Bureau  of  Reclamation 
Fed.  Water  Pollution 
Control  Adm. 

Fish  and  Wildlife  Service 
Geological  Survey 
National  Park  Service 
Department  of  Labor 

Federal  Power  Commission 
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